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ABSTRACT 

This teaching guide contains part one of the four 
parts of the first year of the Portland Project, a three-year 
secondary integrated science curriculua sequence. This part involves 
the student in a series of activities intended to increase his 
understanding of his perceptual abilities and their liaitations. 
Organization and classification as parts of perception are 
emphasized, involving the introduction of the physical properties of 
■atter as aids to organization. The first year program is not 
excessively foraal or quantitative, based on the rationale that a new 
idea should proceed from an intuitive, non-quantitative experience to 
a more quantitative one. The Portland Project, intended to replace 
traditional courses in biology, chemistry, and physics, treats 
science as a structure that proceeds from observation to the 
development of general principles and then to the application of 
those principles to more involved problems. A reviev of the 
development of the three-year program, a discussion of its rationale, 
and a three-year course subject outline are included in this volume. 
Notes to the teacher, examples of data, materials and equipment 
needed, and problem calculations are included. (Author /SL) 
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Dedication 



This volume is dedicated to the memory of 
Vernon Cheldelin under whose guidance and 
leadership integration of the sciences for 
Oregon secondary school youth was begun in 
1963. 



Introduction 



V 



The Portland Project was initiated in the fall of 1962 when two secondary 
school teachers, one with background in CBA chemistry, the other having responsi- 
bility for PSSC physics, began to n-Qte and discuss the redundancy in their respective 
courses. Why should students be subjected to this repetitious and fragmented repre- 
sentation of the physical sciences? they asked. A Steering Committee met to pursue 
the problem further and perhaps enlist the support of a funding organization to 
permit its exploration in depth. Under the able and devoted leadership of Vernon 
CheMelin. Dean of the School of Science at Oregon State University (deceased), two 
proposals prepared for support by the National Science Foundation were funded in the 

sumiik:rs of 1963 and 1964. 

Thirty-five scientists and teachers devoted various quantities of time as 
writers, consultants, pilot teachers, and evaluators, with the aim of ascertaining 
the feasibility and efficiency of the integration of chemistry and physics. Con- 
currently and subsequently, other n^oups in other parts of the country have carried 
on studies that are approximately parallel to this one."" Though the conceptual 
development and points of emphasis differ, the various groups are satisfied that 
intiMiration of science courses is not only feasible but highly desirable. 

Dr. Michael Fiasca of the Education and Science Staffs of Portland State 
University conducted an evaluation which revealed that subject matter achievement in 
chemistry and physics and critical thinking abilities are enhanced among students 
who studied the integrated courses over those who study the separate disciplines of 

Federation for Unified Science (FUSE) was recently organized to act as a 
clearinghouse- of information on integrated science courses. Victor Showalter at 
Ohio University is the chairman of this committee. 



7 

o 

ERIC 



chemistry and physics. It should be emphasized that though these differences were 



apparent. It could not be demonstrated that they were statistically significant. 2 
A concomitant result showed that enrollments In the two-year Integrated courses were 
dramatically greater than In the separate courses. 

A survey completed April 16, 1967 showed that there were forty- four schools 
in twenty states using the Portland Project Integrated chemistry-physics course.^ 

Mounting evidence In the literature from prominent persons working In science 

education strongly supported this mode of organization. Dr. Jerrold R. Zacharlas, 

the prime instigator of the PSSC physics program, exemplified the changing attitude 

of scientists and educators: 

The division of science at the secondary school level, into biology, 
chemistry and physics is both unreasonable and uneconomical. 

Ideally, a three-year course that covered all three disciplines 
would be far more suitable than a sequence of courses which pretends 
to treat them as distinct. Today such a three-year course would be 
difficult to fit into the educational system, but much of this diffi- 
culty might be overcome at once If such a course existed, and it might 
well be that present tendencies in education would soon overcome the 
rest. 

In any case, a greater coordination of the three subjects Is 
possible even within the existing framework. It Is understandable that 
the groups which developed the existing programs, each of which faced 
great pir^lems of its own as It worked toward Its goals, were reluctant 
to embark on the larger task of giving coherence to the sum of their 
efforts. With the programs now complete or approaching completion. 
It may be that the time has arrived for this necessary step.* 



2 

Detailed results of this study may be obtained by writing to Dr. Fiasca 
at Portland State University. 

^Detailed enrollment figures and addresses of people who are using the 
Portland Project courses may also be obtained from Dr. Fiasca. 

{. 

^Ffbm page 52 of Innovation and Experiment in Education, a Progress Report 
of the panel on Educational Research and Development to the U.S. Commissioner of 
Education, the Director of the National Science Foundation, and the Special 
Assistant to the President for Science and Technology, March, 1964. 



stimulated by the apparent success of their original work towards this kind of 
Integrated course, persons close to the Portland Project began to discuss extension 
of their work to include biology with chemistry and physics In a three-year sequence. 
A third proposal was prepared In 1966 and granted support by the National Science 
Foundation. Dr. Arthur Scott, member of the Chemistry Department at Reed College who 
has had deep interest In the Portland Project since Its Inception, graciously offered 
his talents, energy and time to carry on the project after Dean Cheldelln's death. 

A writing conference was conducted on the Portland State University campus 
during the sunmer of 1967 to develop materials such as teacher and student guides. 
Eight local pilot schools conmltted approximately five hundred students and twelve 
pilot teachers for testing and evaluation. Dr. Donald Stotler, Supervisor of 
Science for the Portland School District, has had an active part In this and other 
phases of this project. 

Twenty-six persons whose functions were writing, consulting, analysis, and 
editing met on the Portland State campus beginning June 14, 1967 to begin preliminary 
work on the Integrated course. Their first task was to formulate an outline that 
displayed logical content development utilizing concepts out of biology, chemistry 
and physics. Particular attention was paid to matching students' abilities, interest 
and maturity level with the sophistication of concepts as nearly as this was possi- 
ble to do. Then the committee perused material developed by the national curriculum 
groups — PSSC, Project Physics, CBA, CHEMS, BSCS and IPS — in search of material 
to implement the outline they constructed previously. In the absence of appropriate 
materials, major and minor writing projects were initiated. 

The writing committee continued its work In the summers of 1968 and 1969 
with Dr. Karl Dittmer, Dean of the Division of Science, as director. Four major 
projects were tackled and completed: (1) extensive revisions were effected in the 
three-year outline, (2) the first- and second-year courses were revised based upon 
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student and teacher feedback, (3) the third-year course was developed incorporating 
Harvard Project Physics materials as a main vehicle, and (4) an evaluation program 
for the three-year course was developed. 
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Three-Year Course Rationale xvii 

The decision to try to develop a three-year integrated science course which 
would replace the traditional three courses in biology, chemistry and physics is 
based on several considerations. Among them are: 

(1) a conviction that modem developments have made the division of science 
under these three headings obsolete; 

(2) a recognition that the traditional courses overlap in many areas, 
resulting in a great deal of duplication and repetition as In the gas laws, atomic 
and nuclear structure, calorimetry and the kinetic molecular theory; 

(3) a feeling that terminal students, who take no more than one year of 
science, deserve to get a taste of all of science rather than just one aspect, as 
they do in the conventional programs; and 

(4) a desire to emphasize the unity in the approach to natural phenomena 
and the similarity In the methods, techniques and apparatus used by scientists in 
all fields. 

A natural question arises as to what distinguishes this course from a 
general science course expanded to three years. The answer is that this course 
does not consist of a number of unrelated topics that might be taken up In any 
order; rather, it treats science as a structure that proceeds from observation to 
the development of general principles and then to the application of those principles 
to more involved problems. The emphasis in a general science course Is on the 
results of science; the emphasis here is on the methods and reasoning by which 
scientists have arrived at these results. 

The three-year course outline shows that a number of topics such as 
properties of matter, energy, heat, and certain biological concepts are discussed 
at the first-year level and again later in the course. This re-cycling Is deliberate. 
It is intended to introduce students In a semi-quantitative way to some of the 
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significant generalizations of science and to show how these generalizations arose. 
These topics are treated again in the second and third years when greater facility 
with mathematics on the part of students makes it possible for them to understand 
and appreciate discussions of these topics in the succinct and precise language of 
mathematics. 

An excessively formal and quantitative approach is avoided in the first 
year for several reasons. Students at this level do not extract essential meaning 
from such a presentation of information; furthermore, first encounters with new 
ideas should proceed from an intuitive, non-quantitative confrontation to one that 
is more quantitative.. Teachers have spoken out against teaching and learning methods 
which substitute equations, formulas and other quantitative representations for 
first-hand experience, word descriptions, examples and illustrations. These 
criticisms are just as valid for students who are very capable and very interested 
in science as they are for other students. Moreover, the mathematical sophisti- 
cation of students at this level is such that they are unable to follow most mathe- 
matical arguments as explanations for natural phenomena. 

The typiv-^al science experiences of most secondary school students consists 
of one or two years devoted to general science and biology. Few study physics and 
chemistry. A significant advantage to the course of study described here is that 
students are given a chance to study physics and chemistry at a level of rigor 
that is consistent with their ability and their mathematical maturity. Students 
who terminate their study of science at the end of one year get a significant 
exposure to the structure of biology, chemistry and physics as they are presented 
in the latest curricular developments. Students who might not elect science beyond 
the first year because of lack of interest in biology may be attracted by the 
chemistry or physics portions of the course and elect to take an additional year 
or two of science. Students who are "turned on" by biology may wish to pursue 
further study of biochemical topics in Years II and III. ' 
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FIRST YEAR COURSE 

After considering these problems and goals, the general course outline 
for the first year of the course was derived. It consists of four main parts: 

(1) Perception and Quantification 

(2) Heat, Energy and Order 

(3) Mice and Men 

(4) Environmental Balance? 

The year begins with a study of the perceiver, moves on to the perceived, 
and ends with the interaction of the perceiver with the perceived. The first-year 
student starts out by gaining a better awareness of the nature of his perception 
and senses — the faculties that make him aware of the world around him. With an 
increased understanding of these perceptual abilities, he can turn to the environ- 
ment and then relate himself to it. He finds that his perception is limited and 
that he often needs to call on technological and conceptual extensions and that 
even these have their limitations. 

The importance of organization and classification as parts of perception 
is emphasized. The physical properties of matter are introduced and studied as 
aids in organization and classification of chemicals. The identification of un- 
knowns by study of their physical properties and use of organized data on punch 
cards is the culminating experiment of the Perception unit. 

Apart from the great diversity exhibited in nature, which the scientist 
must organize in order to comprehend, certain unifying principles are essential for 
deeper understanding. The most powerful of these is the energy concept, which is 
explored in the "Heat, Energy and Order" unit in several of its ramifications - 
physical, chemical and biological. The discussion begins by developing an experl- 
entially important energy form, viz., heat. The macroscopic aspects of heat as 
embodied in calorimetry are related to the microscopic in terms of random molecular 
motion. This builds confidence in the idea of the atomic nature of matter, which 
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is essential to much of the unit. Various energy conversions form the vehicle 
for extending and generalizing the energy concept. Nuclear energy is developed 
in sufficient detail to underscore its environmental and social significance. 
Finally, the thermodynamic limitations and implications of energy conversion are 
evplored. ending with a view of life as a supremely artful organizer in nature, 
n rpchanism powered by energy which creates wondrous "local order", but always 
at the expense of influencing its environment. 

The growth of a mouse colony carries the thread of the unit "Mice and 
Men." As the colony develops, students learn many things about the concept of 
p-'pulaticn. The food and water consumed and products eliminated tie the mouse 
colony back to the unit "Heat, Energy and Order", and point ahead to the chapter 
or, conwiinities and to the unit "Environmental Balance?". 

The cell concept is given prime position in this unit. It is used to 
crtcr toDics on reproduction, embryology and maturation which are observed in the 
nico and other organisms. The mice selected for the original colony are such that 
an experiment in Mendel i an genetics comes out of the observations students make 
is, fie colony develops. In most of the chapters man is an important organism and 
r',-joives as mch attention as the mouse, although the data are often secondhand. 

A rather unpleasant fact that must be faced is that as our population 
incroasos, and human activities are directed towards increasing the standard of 
living for thii population, strains are placed upon the environment. As students 
di:,cover in "Mice and Men," the size of the comnjnity has a relation to both the 
.-u-rLity of the food, water and energy required and the quantity of waste products 
produced. To develop the concept of a closed system and point out the necessity 
for 'environmental management, an analogy between the earth and a spaceship is 
-nr-d". Students are then introduced by a multi -media approach to the nature of some 
oi our ccmircr. pollutants (with emphasis upon air, water, heat, noise and radiation) 
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as, well as their effects. Following this students are encouraged to undertake a 
rather detailed study of a particular type or aspect of pollution. Emphasis here 
is placed upon student activity, which may take any number of forms. The culmi- 
nating activity centers around discussion of these special studies together with 
the complex relations Involved within the environment. It Is hoped that out of 
these studies students will become aware of threats which exist to man's future 
on this planet. 

THE SECOND YEAR COURSE 

The second year of the course Is considerably more quantitative In Its 
approach than the first. This Is the case because (1) the students are one more 
year along in their mathematical preparation, (2) the students who elect to take 
a second year of science are more likely to exert the effort to master more diffi- 
cult topics, and (3) many of the quantitative aspects of physics and chemistry 
are basic to an understanding of molecular biology, which Is an Important part of 
the following year's work. 

The second year consists of two parts: 

(1) Motion and Energy 

(2) Chemical Reactions 

Year II begins with the study of motion, going from the quantitative 
description of motion to a consideration of what causes motion and a discussion of 
Newton's laws. There follows the development of the laws of conservation of 
momentum and energy. Including a discussion of energy In biological systems. This 
section, which Is primarily mechanics, culminates with a discussion of kinetic 
molecular theory. 

Due to recent advances in both molecular biology and biochemistry, the 
descriptive approach to biology has gradually given way to one that Is primarily 
analytical. It Is now necessary, even on the high school level, for the serious 
biology student to have a more thorough understanding of those concepts normally 
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(xii embodied In the "modern" high school physics and chemistry courses. The major 

objective of "Cheinfcal Reactions" is to build some of those basic chemical concepts 
that are necessary for an analytical study of "The Chemistry Of Living Matter" 
and "Energy Capture and Growth." 

The following subtopics of this section help in the realization of the 
major objective: Some of the topics discussed are the mole concept » equation 
writing, energetics associated with chemical reactions, the dynamic nature of 
particles and their interactions and the application of energy and equilibrium to 
chemical systems. 

THE THIRD YEAR COURSE 
Year III consists of four parts: 

(1) Waves and Particles 

(2) The Orbital Atom 

(3) Chemistry of Living Matter 

(4) Energy Capture and Growth 

The underlying rationale of the third year is a study of energy and its 
importance to life. The first thrust is to build the orbital model of the atom 
using, as background, waves, e1ectromagnet1sm and historical models of the atom. 
Once the orbital model is established as a representation of the localization and 
directionalization of electronic energy, structural models are built to show how 
biopolymers are spatially arranged and experiments are done to give evidence of 
energy relationships. With shape, size and energy relationships of molecules 
established, the DNA molecule is introduced. The culmination of this work comes 
in che final section when photosynthesis is considered. With this topic, much 
that has gone before is brought to a logical focus. 

These topics are most appropriately placed in the third year of the 
integrated sequence after students have developed some facility with basic ideas 
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from chemistry and physics - e.g., quantitative knowledge about energy, mechanism 
of chemical reaction, equilibrium, rate of reaction, the photon and wavp nature 
of light, electrical phenomena, and kinetic molecular theory. They should not now 
simply parrot biochemical processes such as photosynthesis and cell respiration 
but should understand the many chemical and physical principles which underlie 
these processes. 

Time is allotted at the conclusion of Year III for individual Investigation 
and studies. 
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Three-Year Course Outline 



TOPIC REFERENCE 
First Year 

Part One: Perception and Quantification 

I. Sensing and Perceiving PP* 

II. Measurement, Distribution, PP 
Organization and Communication 

Part Two: Heat, Energy and Order 

I. Heat PP 

II. Temperature and Chaos PP 

III. Energy PP 

IV. Nuclear Energy and Radioactivity PP 

V. Trends in Nature PP 

Part Three: Mice and Men 

I. Reproduction and Development PP 

II. Genetics PP 

III. Genetics and Change PP 

IV. Populations PP 

V. Ecology PP 

Part Four: Environmental Balance? PP 



* PP designation signifies materials produced by the Portland Project. 
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TOPIC REFERENCE 
Second Year 

Part One: Motion and Energy 

I. Motion HP* 
II. Newton Explains HP 
HI. Multi-Dimensional Motion HP 



IV. Conservation 
V. Energy - Work 
VI. Kinetic Theory of Gases 
Part Two: Chemical Reactions 



I. 


The Mole as a Counting Unit 


PP 


II. 


Combinations of Gases 


PP 


III. 


A Useful Form of P=kDT 


PP 


IV. 


Chemical Equations 


PP 


V. 


Electrical Nature of Matter 


CHEMS+ 


VI. 


Basic Particles 


CHEMS 


VII. 


Energy Effects in Chemical Reactions 


CHEMS 


VIII. 


Rates of Reactions 


CHEMS 


IX. 


Equilibrium 


CHEMS 


X. 


Solubility 


CHEMS 


XI. 


Acid-Base 


CHEMS 


XII. 


Oxidation-Reduction 


CHEMS 



* HP designates Harvard Project Physics material. 
+ CHEMS designates material derived from the Chemical Educational 
Materials Study. 
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TOPIC REFERENCES 

Xrn. Stolchlotnetry CHEMS 

Year Three 

Part One: Waves and Particles 

I . Waves HP 
U. Light HP 

III. Electricity and Magnetic Fields HP 

IV. Faraday and the Electrical Age HP 

V. Electromagnetic Radiation HP 

VI. The Chemical Basis of Atomic Tn^.ory HP 
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Chapter I: SENSING AND PERCEIVING 



A. Experiment: The Sow Bug 

How good are your powers of observation? 
Do you have the patience and the know-how that 
It takes to be a really good observer? In this 
experiment you will be observing a familiar 
object — a sow bug. 

Write a description of the sow bug your 
teacher places before you on the table. Make 
it as complete and detailed as you can. 

When you have completed your Individual 
lists, one person at each table will be assigned 
the task of itemizing all the different observa-- 
tions made by your table. 




EQuiment and Afat^riata: 
Suggested: 5 animale per 
Btudent. 

The leee you etruature 
this experiment for the 
student, the better hie 
learning experience may be. 

A class of thirty stu- 
dents might be arranged in 
groups of six. Eaoh student 
is given sow bugs to observe. 
With many sow bugs on a 
table there oould be inter^ 
action between the sow bugs 
as well as between the 
students. 

Instruments such as 
magnifying glasses, rulers, 
meter sticks, balances, and 
graduated cylinders should 
be available in the event 
they are asked for. If 
students raise questions 
while observing the sow bug 
and its activities, these 
should be written in their 
data books. 

20 to IS minutes may 
be all the time needed by 
the stiAdents to complete 
their lists. 

Assign one person at 
each table to report the 
observations for the rest. 
These could be listed on the 
blackboard and only non^ 
repetitive observations 
added as each table reports. 

The students could make 
a contest out of this; the 
winning table (team) would 
be the one that has the 
greatest number of observa- 
tions. Of courses all inter- 
preting or inferences would 
have to be ruled out. 
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During' the claaa die-- 
cusaion that folloDs-^ it may 
prove worthwhile to: 

(2) Aak the atudenta 
to tell which aenae or aenaea 
they uaed when making each 
observation. Note theae 
next to each observation on 
the blackboard using initials 
as in the following: 

Eyesight - E 

Feel - F 

Hearing - H 

Taste - T 

Smell - S 

Temperature - Te 

(2) Ask the students to 
consider what conditions can 
be controlled or need to be 
controlled as they observe 
their subject. Have them 
name some conditions which 
might not be important in 
this one. Examples would be: 

— The experiment is 
done on the second floor. 

— The lab table is near 
the back wall. 

Ask them to consider 
some conditions which might 
have been important to the 
experiment they just carried 
out. Examples here would be: 

— The experiment was done 
in the morning (or the middle 
of the afternoon). 

— The sow bug was on the 
table out of its environment. 

— The temperature of 
the room is ax'ound ?(fi F 
(about 21^ C). 

(Z) Also, you might 
offer questions like those 
that follow: 

— Why do you think these 
conditions are important? 

— How might they be 
different from those in the 
anirml's >.atural habitat? 

— What do you think is 
the natural habitat of these 
animals? 
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Many time it ia diffi^ 11 
cult to reoognine oonditione 
that might aerioualy affect 
what ie being observed in an 
experiment. 

Thie experiment should 
point up (1) the need for a 
student to improve his tech- 
niques used in making obser- 
vations ^ (2) the answer to 
which sense or senses are most 
comnonly used in observing 
(and the need to bring more 
into use)j and (3) the impor- 
tant difference between 
observing and inferring. 

* * * 

Some possible observations: 

One very important obser- 
vation should involve behavior. 
About 70% of the isopods should 
be able to roll up in a ball* 
The others will not be able 
to do this even when tormented 
quite a lot. YOU SHOULD SEE 
TO IT THAT BOTH KINDS ARE IN 
THE SET TO BE OBSERVED. 

It will probably be noted 
that the dorsal surface is 
quite smooth although the 
minority will have many 
tubercles (warts - bumps); 
other traits may be noted that 
will naturally segregate the 
sow bugs into two sets. 

These sets are really 
general; there are only a 
few genera of sow bugs in 
North America, including 
Armadillidium (a type which 
rolls itself up like an 
aimadillo) and Porcellio. 

Instruct the class that 
in the future it is 
Porcellio which they ought 
to bring in when sow bugs 
are needed for experimental 



work. Furthermore^ there are 
two kinds of Porcellio^ (spea^ 
iee): when mature For cell io 
laevis is larger and less 
ti4berculate than Foroellio 
saaber . 

1) They have 2 antennae 

2) They have 7 pairs of 
legs 

Z) Body is jointed 

4) Three regions: head^ 
middle^ tail 

5) Some have 2 pro- 
jections on tail 

6) Edge may be smooth 
or saw-- toothed 

7) Legs are jointed 

e) Some of them roll 
up in a ball when 
bothered 

9) Flat onec are faster 

IP) Some are domed; 

others nearly flat 

11) Some have a faint 
pattern of color on 
the back 



Keep this section moving. 

The student has observed 
the sow bug. One purpose of 
the following exercises and 
fixperiments is to point out 
that our senses used in 
obsar^^ing are not always re-- 
liabUy. Environmental factors 
and preconceptions or 'Mind- 
set" will affect the way we 
percoive. Vie also have bio- 
logical and physical limita- 
tiono. Another purpose is to 
show that although people 
perceive somewhat similarly y 
they also perceive differently 
in many instances. A third 
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B. OPTICAL ILLUSIONS 

You have noticed the use of your senses 
in observing and describing a sow bug. How 
reliable are your senses and the observa- 
tions yon make by means of those senses? See 
Figures B.l , B.2 and B.3. 
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purpose ie to lead the etu^ 
dent to realize that he needs 
tools to extend his senses 
and that he needs to use 
measurement and quantifica^ 
tion in order to aormunicate 
to others comparative ^?8- 
criptions of what he j^ceives. 

There is a larie number 
of examples of optical illu^ 
dons available. Student 
science magazines^ psychology 
and physiology books are 
uf^Auliy good sources. Sug- 
ij> r.t.r,l books: The Mind (Life 
Sciencp. Library t Time Inc., 
N.Y., 1964); D. Krech and R. 
S. Crutch fields Elements of 
Pivjchotocfy^ (Alfred A. Knopf 
PuhUching Co., N.Y.,1961); 
and N. Beeler and F.M. 
Bran Ley, Experiments in 
OpLiaai Illusion, (Thomas Y. 
CroioclL Co., N.Y.J 1961). 
Thieve are also some cormer^ 
daily prepared transparent 
nics available (3 M Company). 
Tho teacher could use more 
^:xamples of optical illusions 
a:: ».< . n fit — depending 
uf'-r ; ' znd materials 
avai' jhi.' and on the interest 

of thn cLaPii^. 

/i unrful and interesting 
pamphXcL iii The Color Tree 
hy Int'^rahem'. For information 
rend to fnterchemical Corpora-- 
tion, 67 WciBt 44th St., New 
Yor^, nru) York 10036. 

Th.- following gives dir^ 
f'.'^tioyK*. for preparing three 
iliur-uma that ohould be of 
inic7\'it^. utudpnts who wish 
to do CO could make these for 
ihrmnrlihin or the class. 

Wc huih.' not dealt here 
L^i.th ftf f^rroating color illu^ 
oif Kfr '*r color after-image. 
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One good excanple ia a draw^ 
ing of the American flag with 
blaok stare on yellow baak^ 
ground and alternating green 
or hluo^green and black stripes. 
The colors must be vivid. 
The student stares at the 
center of the flag for about 
30 seconds and then looks at 
a white paper for about lO 
seconds. An after-image 
appears of a redj white j and 
blue flag. (Squinting the 
eyes a little sometimee makes 
the after-image clearer.) 

The Pendulum 

Tie an object such as 
a small metal weight on the 
end of a string. Tie the 
other end of the string to 
any kind of a hook (a nailj 
light fixture, etc.) attached 
to the wall or ceiling. This 
will allow the object to 
swing freely as a type of 
pendulum. It should wing 
parallel to the wall. Hold 
a piece (about 2" square) 
of colored filter paper (or 
cellophane or colored glass) 
over one eye. Look at the 
swinging object (pendulum) 
with both eyes open. Al-- 
though the pendulum is 
swinging parallel to the wall, 
it will appear to swing in an 
ellipse. It will appear to 
swing counter clockwise if 
the right eye is covered and 
clockwise if the left eye is 
covered. 

The color of the filter 
paper used is not important 
as long as it is dark. Dark 
hlucj green, or red is 
effective. 

An attempt should be 
made to explain the illustjn. 
(Cutting down the light u:-^ 
tensity to one eye is re-- 
sponsible for the effect.) 



Teet such hypotheses as 
these: 

(a) The illusion is due 
to certain colors, (Sot so; 
different colors give the 
same result*) 

(b) The illusion is due 
to the filter paper or the 
glass. Clear paper or glass 
would not produce the illusion. 
Colored paper and colored 
glass give the same illusion, 

(c) Light is bent. 
(Not so. Try a clear convex 
or concave lens. The illusion 
will not occur. ) 

The Trapezoid 

Build a trapezoid ac-- 
cording to the pattern given. 
As shown on the pattern, 
shade both sides exactly the 
same. 

Attach the trapezoid to 
a hand drill. This can be 
done by using a paper clip. 
Straighten one of the bends 
in the paper clip and glue 
this to the trapezoid. Put 
the other end (still bent) in 
the hand drill and tighten 
the hand drill in order to 
hold it. 

Turn the hand drill to 
rotate the trapezoid. Because 
of its shape and its coloring, 
the trapezoid will appear to 
oscillate rather than to 
rotate. 

It will be necessary to 
experiment somewhat to find 
the proper speed of rotation 
to gat the illusion, but 
about one or two turns per 
second should work. 

The illusion is easier 
to see if one eye is closed. 



GRAY im BLACK | GRAY- BLACK 
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It would be better if a 
variable speed motor or tum^ 
table could be ueed in order 
to turn it more evenly. It 
would also be more effective 
to conceal the device used 
to turn the trapezoid. 

For further illusion^ 
place a half of (colored) 
kleenex through one of the 
windows (or use a small 
pencil held by a wire) and 
turn the trapezoid. 



WARNING TO TEACHERS: 

Prepare for Experiments 
C. 1 through C.6. 



B.I Experiment: SIZE ILLUSION 

Look at the following figures and record 
In your lab book which Is larger, A or B? Do 
not be Influenced by what you irtay know to be 
the right answer. 

Which one do you think looks larger? 
Estimate how much larger. (Do not measure.) 



> 



< 



Flqure B. 4 - Which Is longer? 




Equipment and Materials 
30 metjHa ruler e or 
meter atiaka 

In looking at these 
optical illuations, the stu- 
dent ehould notice that the 
eurroundinge, the position^ 
' and the color (light and 
dark) have an effect on our 
visual perception. 

It ia aleo hoped that the 
student will realize a need 
for measurement. The ideas 
of uncertainty 9 significant 
figures^ and averaging can 
be introduced here^ but they 
will be treated in more detail 
later. 

You are asking the stu- 
dents to estimate '^how much 
larger'^ but not allowing 
them to measure. The idea of 
ratio could be introduced with 
these types of questions: 

Does one figure appear 
to be twice as large (ex- 
pressed 1:2)? Half again as 
large (expressed 1:1.5)? 
One'^tenth again as large 
(expressed 1:1.1)? 

Some students will have 
seen these and know that in 
each case they are the same 
size. Some others might 
give what they think will be 
the right answer and not what 
they actually see. 

They are not to make mea- 
surements of any kind at this 
time, \then time for measure- 
ment arrives^ be sure the 
mtric system is u^ed. 



Figure B.5 - Front post Is A, back post 
Is B; which Is taller? 
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Figure B.7- Look at the center circle. 

Is the center circle In A 
the same size as the center 
circle In B? 

Er|c 48 




Figure B. 8 - Which Is larger? 




Figure B.9 - Which circle Is larger? 

Now that you have recorded your answers, 
check to see If you are right. Which one In 
each case Is actually larger? Record the 
answers In your lab book. 

For helpful hints In writing labora- 
tory reports see Appendix A. 
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It is hoped that at this ^1 
point Btudtnta will bm the 
need for a ma§uring inBtru^ 
mmt. They should 00 #ndpu* 
raged to deviee th&ir own 
units of masurmmnta, even 
if they use a pencil or a 
aimilar objeot ae a masuring 
inatrment to make oo^npariaona. 

Now oak for the actual 
figurea ao that you can put 
them on the board. When 
thia ia done, atudenta ahould 
aee the need for a comnon 
atandard of meaeurement. If 
one atudent givea hia answer 
in inchea, another k of a 
pencil, another the diatanoe 
from hia knuckle to the end 
of hia finger, they ahould 
aee that oompariaana of 
reaulta cannot be made and 
alao that the length of a 
finger would not be the aame 
for all. A oommon atandard 
ia needed. Diaauaa thia in 
olaaa. 

Paaa out meter atioks 
or rulera that are marked in 
the metrio ayatem. Have them 
meaaure in cm the length of 
the two linea in Figure B.4. 
(They may do more meaaure- 
menta if ao deaired, but one 
example ahould be adequate.) 
It may be neoeaaary to take 
aome time here to help those 
who are not familiar with 
the metrio ay a tern, but a 
lengthy treatment ia not 
neoeaaary. An underatanding 
of what a am ia and how to 
read the ruler ia probably 
auffioient. 

After the olaaa haa 
completed meaauring (and 
recording) the length of 
the linea in Figure B.4,aak 
for the reaulta of ten to 
fifteen atudenta for line A. 
Put theae on the board. It 
ia expeoted that the anawera 
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Dill vary slightly* These 
variatione oould introduce 
the idea of unoertainty, 
human and inetrmental ervov^ 
significant figures^ and 
averaging* 



At the conclusion of 
B.l show the film ^'Visual 
Perception'^ (19 minutes), 
1959, Educational Testing 
Service. 



B.2 USING ILLUSIONS 

In Figure B.5 do you get the Illusion of 
depth? Artists often make use of this Illusion 
(which they call perspective). Have you seen 
examples In which "pop" artists use lines and 
colors to create Illusions? 



In the picture above the ll^v^te*^ : : 
looks larger. The next time you no c n ]rocery 
store, notice how many packaged fcods a^^ 1^ UnH 
colored containers. 




Figure B.IO 
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Dress designers also make use of Illusions. 
A black dress makes you appear thinner. What 
effect would a light dress have? Designers 
must also consider how lines affect your 
appearance. Which of the Identical girls be- 

c 

low looks thinner? The one wearing the 

dreee with vertieal linee 
looka thinner. 




Figure B. 11 

Can you think of other examples of using 
optical illusions? 
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Equipment and Material : 
blindfold 
8" X 12" cardboard 
4" X 6" cardboard 

The film "Blind as a 
Bat" (NTS, 1954, 7 min.), 
a?)ailable at Portland Admini^ 
ctration Building, can be 
f^hown imediately preceding 
the "SEEING THROUGH HEARING" 
demonstration, which will 
he much more effective if 
the film is shown. Ask the 
students if they could do as 
well as the bats. 

Blindfold a student and 
scat him on a chair in front 
of the class. Tell the blind- 
folded student that two pieces 
of cardboard will be succes^ 
c^'vcly passed before his face. 

One piece of cardboard is 
8 X 12 inches. The other is 
4x6 inches. The blindfolded 
student should hiss while the 
teacher holds the cardboard 
about 8 inches from the stu- 
dont'a ntouth. Most students 
will have no difficulty iden^ 
^ifyi^^G the cards. Repeat 
the demonstration with several 
students as time allows. 

In addition to size dif^ 
fernntiation by sounds blind- 
folded .students may also 
Locate direction by sound. 
Have a blindfolded student 
seated in a chair plug his 
r. irs w^' Lh his fingers while 

mcve to some position in 
a .IP(P nr^c in front, of the 
student. After counting to 
IC Dhile his fingers are in 
hie earOy the blindfolded 
r.tudn>:t should vcmove hie 
f ingers from hie ears cmd 
hegir hiv.sing. You will hold 
f-he 3 X 12 inch cardl'oard 
about 8 inches from hie face 
as he hisses and swivels his 
head from side to side. The 



B.3 - Demonstration: SEEING THROUGH HEARING 

You have heard of bats flying at dusk 
and you know that airplanes fly at night. 
Submarines navigate under water. How can they 
see to follow their courses? What are your 
"seeing" powers when blindfolded? Your 
teacher will show you how to "see" with your 
ears. 



For optional experiments related to 
perception, see Appendix B. 
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blindfolded Btud$nt should 
have no difficulty in looa^ 
ting the (iwd and pointing 
to your ipoeition. Perhaps 
your etudente have read 
reports on teaching blind 
humans Sonar navigation. 



Lab inatxuotiona for 
Experiments C.l - 

In these five experiments 
students should recognize some 
limitationB of the human 
senses. Because quantifica^ 
tion is usedj students can 
compare results and find 
some similarities arui dif- 
ferences in human perception. 
They should beg^'-' to see a 
need to use too ^6 to extend 
their senses. 

The techniques of re-^ 
cording data^ averaging and 
graphing are emphasized. 

All five experiments 
should be set up in one room 
at one time. Student lab 
groups made up of three stu- 
dents do each experiment^ but 
each group does them in a 
different order. 

It is suggested that you 
give general instructions for 
the whole lab block before 
dividing into small groups. 

After instructions are 
given^ assign lab groups and 
the order in which each group 
is to proceed. 

There are five experi- 
ments and three students in 
a lab group. Therefore^ if 
you have more students^ you 
will need to prepare two sets 
of. equipment for some of the 
experiments. The Reaction 
Times Touchy and Visual and 
Auditory Reaction Time 
experiments require the 
least amount of equipment^ 
so use two lab set-ups** 
for these as needed. 

Toward the end of this 
lab blocks students may have 
to wait for the use of the 



C. LIMITATIONS OF OUR SENSES 

In Experiment B.I - SIZE ILLUSIONS, pro** 
bably most of you chose the same figure as 
being the larger. But when you observe 
things, do you all perceive (see, feel, smell, 
hear, taste) the same things In the same way? 

You know that some people like the taste 
of olives, some do not. Is this because they 
taste different to some? You know that your 
environment and learning have an effect on how 
you perceive and on your choice of what you 
like or don't like. But do you actually know 
whether or not all people taste the same thing 
In the same way? 

When you see something that Is blue, does 
It look exactly the same blue to someone else? 
Since there Is no way to measure or quantify 
your perception of blue, there Is no way of 
comparing and conmunl eating with others as to 
what you actually are perceiving. Therefore, 
there Is no way to tell whether or not the 
blue looks exactly the same to someone else. 
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equipmnt for D^pth Peroep^ 
tion. Peripheral Vieion^ and 
Beeponae Time of the Bye. By 
then, however, they ehould 
have enough data to oonpile 
and queetione to anewer that 
they oan work on theee while 
waiting. Aleo^ met of the 
experimente are open-ended 
and have ^enggeetione for 
further euidy and experi- 
mentation for etudente who 
have the time. 

With thie many lab groupe 
and experimente, it ie eng- 
gee ted that you ue^ etudent 
help or lab aaeiatante. They 
oould help eet up the equip- 
ment and keep it working cmd 
oould help etudente with 
general inatmotionB and 
proaedurea. 

The formula for finding 
an average or mean ie uaed 
quite often. It ie 

X * S.X where 
N 

X ia the average or mean; 
the ^n/m of; x, the individual 
aoorea; and N, the number of 
triala. 

You might want to dia- 
OUS8 'Mia formula with them 
now by putting it on the 
board and aeeing if they can 
figure out what it meana. 
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Inatruotions for the stu- 
dents are as follows: (read 
them with the atudents for 
emphaaisJ : 

(1) Read the directions 
and background material for 
the experiment you will be 
doing before you come to 
class (time is limited). 

(2) In class work 
q-^'^-.J-y but carefully, you 
wile be expected to do one 



Your senses are limited In several Impor- 
tant ways. You will conduct a series of ex- 
periments to determine the nature of some of 
these limitations. Since In these experiments 
you will be making some measurements, you will 
be able to make some comparisons as to simi- 
larities and differences among sense perceptions. 
There are five experiments to be done: 
Touch 

Depth perception 
Peripheral Vision 
Visual Reaction Time 
Auditory Reaction Time 
The teacher will assign lab groups and 
give directions. He will also assign the order 
in which each group is to do the experiments. 
Read carefully these instructions: 

(1) Read the directions and background 
material for the experiment you will be doing 
before you come to class (time is limited). 

(2) In class you should work quickly but 
carefully. You will be expected to do one 
experiment, collecting and recording all of 
the necessary data in about one lab period. 

(3) You will be -expected to do some of 
the data compiling, mathematics, graphing and 
questions at home. (The teacher will need to 
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take some time tn class for those who need help 
and for general Instructions and discussion.) 

(4) If the equipment you need to use Is 
busy, wh^le you are waiting, use the time to 
compile data and answer questions. If you have 
time, work on some of the suggestions for 
further stu<ly and experimentation. 



experiment, colleoting and 
recording all of the neaeeeary 
data in about one lab period. 

(3) You will be expected 
to do some of the data compile 
ing, mathematice, graphing, . 
and quBstione at }wm. (The 
teacher Dill need to take 
some time in clase for thoae 
who need help and for general 
inetructione and diecuaaion.) 

(4) If the equipment 
you need to uae ia buay, 
while you are waiting, uae 
the time to compile data and 
anawer queatione. If you 
have time, wdtk on aome of 
the auggeetione for further 
atudy and exparimertdtion. 

It ie expected that thia 
lab block will tike two-and- 
one-half weeka. Some of the 
queationa involving compari'- 
aona to the whole claea can- 
not be answered until all 
of the atudenta have fin- 
iahed, ao allow two or three 
daya for diacusaian of theae 
queationa. 

At the end of thia lab 
block be aure to diaouaa 

Queationa 2 and 3 (Depth 
Perception) 

Queationa 3 and 4 

(Peripheral Viaion) 

Queationa 2, 3, 4, S, 6, 
7, and 8 (Viaual and 
Auditory Reaction 
Time) 
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Equipment and Materials 
compass^ divider^ or 

other sharp instrument 
blindfold 
metric ruler 

Ideally you should file 
the sharp metal point of the 
compass to a slightly rounded 
point more like the pencil 
point. Students will find 
that their finger tips will 
have a touch threshold about 
ten times more sensitive than 
their forearm (3 mm vs. 3 cm). 
It makes no difference if the 
front or r^^a:" of the forearm 
is touched. The most important 
instvuctuor. is that great care 
bp. taken to have both points 
of the compass touch 
simultaneously. The student 
bHng "touched'* may be blind- 
folded or he may simply look 
OLOay from his arm. There 
should be time for each stw 
dent to be "touched. " 



The finger is much more 
sensitive than the forearm. 



We don't think alignment 
makes a difference^ but it 
depends upon experience. 

Equipment and Materials 

Heavy string (one about 200 
am long J another about 600 
cm long) . 

2 pens or pencils ^ same 
color and size^ with 
clips. 

Cardboard for shielding and 

scrr.ensy neutral color. 
Meter stick. 



C.l -Experiment; TOUCH 

Spread the points of a compass (divider) to 
4 cm. Touch the points of the compass to the 
forearm of a blindfolded lab partner. Ask if 
there are two points or one point touchfng his 
arm. Record the distances and the student 
responses. Move the points of the compass 
closer together. Record the distance that your 
lab partner reports as a single touch when two 
points are actually touching his arm. Remem- 
ber to use an occasional one-point touch as a 
control or otherwise he will know that he is 
being touched with two points every time. Re- 
peat this process on the tip of a finger. What 
do you find about the sense of touch for a 
finger compared to the forearm? 

Does your sense of touch differ from that 
of your lab partners? Does the alignment 
(parallel or perpendicular) of touching upon 
the forearm change the measurement? 

C.2-Experiment: DEPTH PERCEPTION 

The object of this experiment is to try to 
line up the two pens by moving one of them. You 
will need three people in your lab group. One 
student is the subject (S), one is the experi- 
menter (E), and one is the recorder (R). After 
twelve trials change roles and repeat the pro- 



id 

EKLC 



31 




IN) 



Suggested mimm toble length, 135 m, 



Unifom color bockgmd^^ 



FoM popir to Wocif siuMs m of mter sticli, 



0 




Stick, pmil,mrki(igp6n, 
9tc, poM Ififo poper bo)i 
^ \gso Qs to sM up, 



MQrl(s so ps to 
cmpan posifm 
2tM 



string goin g under t m to /noye to /noyot/e pencil 




Meter stick 



Smil paper tox glued 
onto cordboQrd, 




lordboord or stiff popei 




•:■;^^y^!;^'^^•.;;,■;■ 



ERIC 



61 



cedure for twelve trials. Then agatn change 
positions. Each of you will then have performed 
each of the roles of S, E, and R, 

As S» you will sit at the table and look 
at the pens either (1) through a hole in the 
cardboard screen that allows you to use only 
one eye (either the left or right) with no head 
motion (monocular condition), (2) through a 
wide hole in the cardboard screen that allows 
you to use both eyes and no head motion (bino- 
cular condition), or (3) with the cardboard 
removed allowing you to use both eyes and head 
movement (motion parallax condition). Keep 
your head low enough so that the meter stick 
is not visible to you. 

R will tell you the proper condition to 
use. Take the string and adjust the movable 
pen to and fro until you think you have It 
lined up with the stationary pen. You have 
then judged them to be the same distance from 
you. 

As E» between each trial you will change 
the standard pen (the one that cannot be 
moved by S) to a new position and adjust the 
movable pen to the front or back of the meter 
stick. Why should this be done? 

When S informs you that he has the pens 
lined up, give the error score to the recorder. 



2 mall boxes to support pens 
or pencils. 

In this experiment stu^ 
dents are to assess the adr 
vantages of binocular dis^ 
tance perception as compared 
to monocular distance percept 
tion. They are also to 
evaluate the addition of 
motion parallax as an aid in 
distance perception. 

The experiments show 
similarities (binocular dis- 
tance perception will be 
better) and differences 
(individual scores will 
differ) in vieual perception. 

There will be a need to 
find an average or mean error 
score* 

In order to have a ttand^ 
ard with which to kompare^ 
X can be found fcr the class 
by a few students. 

Assemble quipment as 
shown in the ^^agram* Die-- 
tances are approximate and 
can be varied. 

Instruct the students to 
use the same eye throughout 
all the tnonoouiar tests* 

Notice that the expert'- 
menter moves the pens between 
trials, and that the condi- 
tions are varied. Learning 
takes place and the subject 
makes adjustments if this is 
not done. For example , if he 
is consistently getting a 
negative score, he will 
compensate for it. He may 
also find other clues to use. 
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This error score Is the number of centimeters 
(to the nearest 0.1 cm) that the movable pen Is 
from the standard pen. If the movable pen Is 
too far from S, give the direction of error as 
minus (-); if it is too near, give it as 



positive (+). 

As R, you record for S, Hake a chart as 
follows: 



Trial 


Condition 


Error 
Score 


Direction of 
Error (too 
near +) (too 
far -) 


1 


Monocular 






2 


Monocular 






3 


Binocular 






4 


Binocular 






5 


Motion 
Parallax 






6 


Motion 
Parallax 






7 


Motion 
Parallax 






8 


Motion 
Parallax 






9 


Binocular 






10 


Binocul ar 






11 


Monocular 






12 


Monocular 







Why are the conditions varied? You give 
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the condition to be used for each trial to S. 
As R, record the error score and direction of 
error as given to you by E. 

Exercises for Hom^ Desk, and Lab (HDL) 

(1) What were your average scores for 
each condition? Why are you asked to find 
the average rather than to choose one score? 
What is your average when you disregard the 
^ and - signs? What is your average when 
you consider the + and - signs? Which is 
more meaningful? Compare your averages with 
others in the class. 

(2) Write a conclusion concerning the 
effects of the three different conditions on 
depth perception according to the data taken 
on you. 

(3) Is there any pattern in your data 
of + or - errors for any condition? Compare 
your findings with others in the class. 



(1) In mBa8X4ring we will 
have a range of valxiee. Thie 
range of error ehowe up in a 
frequency distribution curve: 



By averaging we should come 
cloeer to the more probable 
answer. It should be pointed 
out to the student that it 
would be possible, if ^ and 
" signs are considered, to get 
an average score of C. This 
would not be very meaningful 
if one time he got 20 cm too 
far, the next time 20 cm too 
near. 

(2) Most students will 
have a very small error with 
motion pa'allax, a slightly 
larger error with the bino- 
cular and quite a large error 
with the monocular condition. 

(3) Often for any one 
condition the errors will all 
be in the same direction. 
However, the next subject may 
have his errors for the same 
condition in the opposite 
direction. This would seem 
to point out individual 
differences and limitations. 
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Students who are in^ 
tereeted and have the time 
may do these. They may think 
of quebtions of their own that 
tkey would like to investigate. 

In ?nc:t of these oases 
accept th^. utudent's results 
from his es^periments. Ques^ 
tion hiH degree of confidence 
in his reftuita based on the 
number of ia^ite done and 
number of people tested. 



(1) It depends on the 
condition of the eyes. 



(2) Yes J you should. 



(3) It would depend 
on the type of correction 
made by the glasses. 



(4) Yes. There are many 
examples of people who have 
loot an eye who have become 
experts in jobs that require 
good depth perception. They 
leaxm; they adjust and 
compensate and find new clues 
with which to judge depth. 



Questions for Further Stu4y or Experimentation 

(1) With the monocular condition you used 
only one eye. Will you get the same approximate 
results using the other eye? 

(2) Will you have better scores on the 
monocular condition if you are allowed to move 
your head? 

(3) Some of you wear prescription glasses. 
Do you get better scores with or without your 
glasses? 

(4) A quarterback on a football team 
would need to have good depth perception. Would 
a person who had lost an eye ever be able to be- 
come a good quarterback? 
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C.3 - RELIABILITY AND VALIDITY 

You maty wonder at this point If a good 
score in depth perception in this experiment 
will mean that you will be a good driver. Of 
course the answer is no. There are too many 
factors Involved in driving a car to expect 
that one thing would determine whether or not 
you are a good driver. You might argue, 
however, that depth perception would be an 
ability you could have that would improve your 
driving. You will indeed need to Judge depth 
while driving. But don't be misled. This 
experiment is reliable but it is not valid 
for all situations involving depth perception. 
By reliable we mean that if the experiment is 
repeated you will get the same scores as before. 
This experiment is reliable. By valid we mean 
that there is a useful relationship between 
results of this experiment and some other re- 
lated performance. This experiment is not 
valid for measuring the ability for depth 
perception in all situations. 

A very similar experiment was used to 
test airplane pilots. Jt was found that some 
of those who did very poorly in the experi- 
ment had very good depth perception as 
pilots. 

66 



It may not be reliable 
based on what has been done 
in class 9 but thousands of 
tests have been made. 
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Equipment and Materials 

Black cavdboavd or 

cardboard oovevt^r with 
black constr^i* ion 
paper, 180 am x 25 am 
( thickness should be 
ah^ut 1 rm so that it 
oan he bent into a 
smooth semi-circle) ; 
if necessary , tape two 
or three smaller pieces 
of cardboard together 
to get the required 
length. 

2 C clamps (optional) 
Mach'tng tape 

3 piracies of black con- 

ntruction paper about 

14 X 6 cm 
nna 1 1 oquare s ( about 2 % 

cq. cm) of redy blue- 

'jreen^ and yellow 

<*onntruotion paper. 
:i I'l'hid folds, one for the 

right eye, one for the 

left (optional) 

/' this experiment stu- 
dent,- ,''-rve ne of the 
limit j: ' -^ns of nsual per- 
• ;/t ThiiS also shows 

i:inilarities in visual 
pr'r*n^:^tftion (th^^y will all 
find yrllow ths exziest to 
iar^yUifj) and d* ^ ferences 
(ihrn uill have different 
(iv*:ragr renponnn positions) . 

Thf^y should i^ee the need 
to find the average or mean 
vr.r.pcnr.e position and be able 



So you may have a much better score than 
your lab partner In this experiment, but while 
driving, he may be able to judge the distance 
to two approaching cars more accurately than 
you. 

C.4 - Experiment: PERIPHERAL VISION 

How far can you see to the side if you 
keep your eyes focused straight ahead? Can 
some people see farther to the side 
(peripheral vision) than others? 

Does color have any effect on your 
peripheral vision? 

You will need three people in your lab 
group. One student is the subject (S), one is 
the experi menter (E), and one is the recorder 
(R). After twelve trials change roles and re- 
peat the procedure for twelve trials. Then 
again change positions. Each of you will then 
have performed each of the roles of S, E, and 
R. 

As S, you sit in a chair in front of the 
equipment. Make a loose fist with your hand 
and place it on the table in front of you. By 
resting your chin on your fist, you keep your- 
self as much as possible from moving your head. 
If this is too uncomfortable, use books under 
your fist. Also, the white X mark on the card- 
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board and the colored dots on the movable 
cards should be at eye level, so make adjust- 
ments by using books. 

Choose the eye you wish to use and cover 
the other with your hand (or blindfold that 
eye). Stare straight ahead at the white X 
mark. 

There will be a great tendency to move 
your eyes. If you give in to this temptation, 
you should inform E so that trial can be 
disregarded. Your results will not be reliable 
unless this Is done. 

As E,. you place one of the movable cards 
over the cardboa'^d on S*s preferred side. 
Hold it so that it is flat against the Inside 
of the cardboard. Place it at the farthest 
lateral position (90) and move toward the 
center (0) until S identifies the color of the 
dot, not the motion or the card. Give 
directions that S is not to guess but to report 
only when he is certain he can identify the 
color. When S identifies the color, report the 
color and proper response position (actually 
the number of cm from 0) to the recorder. Be 
sure to read from the mark on the card each 
time and not the edges of the card. Why? 

Each of the three colors (red, blue-green, 
and yellow) should be presented about four 
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to do the neoeeeary mathe- 39 
matioe involved. 

So that they will have 
some etandard to compare to^ 
X should be found for the 
whole alaee. A oouple of 
volunteers could do thie. Do 
not use individual averages 
hut all of the individual 
scoree. 

A hietogram or frequency 
distribution curve could be 
done by an interested student. 

A 10^ pair of sim glasses 
with one lens removed and the 
other covered with black paper 
will do; they can, however^ 
just cover their eyes with 
their hands. 

Mark the cardboard off 
in centimeters on the out^ 
side^ starting with 0 at the 
middle and going to 90 on 
both sides. Make these marks 
about 7 cm from the top of 
the cardboard. Place the 
cardboard on the table as 
show,', in the diagram. Use 
masking tape to hold it in 
position by taping the out^ 
side of the cardboard to the 
table. The C clamps may be 
used but are not necessary 
if enough tape is used. 

Black cardboard 




Top ¥iiw 
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The three movable cards 
are made by folding the black 
construction paper as shown 
in this edge^on view: 



About 
7 cm. 



times. The order In which you present the 
different colors should be randomly selected-* 
for example, red, red, yellow, blue-green, 
yellow, etc. Why should the colors be pre- 
sented randomly? 

Also be sure that you give no clues to S 
as to what the color might be. For example, 
do not take a longer period of time, make a 
different sound, or move In a different way 
when changing colors. Move each color at 
about the same speed. 



In the middle of the 
card on the straight edge 
about 2 cm from the bottom, 
use a hole punch to punch out 
a nmall circle. Paste the 
colored paper behind this so 
that a dot of color shows 
through. Slip this over the 
cardboard semi^ circle so that 
^hc colored dot is in the 
iniridn. The eocperimenter can 
then move it from the outside. 

Make a chalk mark in the 
mf'ddln of the card so that the 
experimenter reads the r»e- 
sponnn panition from the same 
f'lact' each time. 



^. Colored 
Paper 

Hole 
\Chalk mrk 

V 
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As you are to record the data for S. 

Por example: 





Color 


Response Position 


1 






2 






3 






4 












6 


— — 




7 






•3 












"•J 



















The color and response position Is given to 
you ^/ 



Random selection of 
colors by E is very important. 
He should give no clues as to 
what the color is going to be. 
If S knows what is to be pre-- 
sented, he cannot be com^ 
pletely objective in his 
judgment. He will usually 
have a larger response 
position. This can be demon^ 
strated by comparing the 
average response position of 
one of the colors when it 
wa3 moved from 90 to 0 (and 
randomly selected) to the 
average response position 
moving it from 0 to 90 (or 
from 90 to 0 telling S which 
color it is). Lab groups 
having the time and interest 
could do this experiment^ 
collect the data, and present 
it to the class. 

Actually this is a good 
tine to emphasize that in 
any exp^rirr^nt variables 
should ''lot be introduced that 
might i iterfere with the 
variable (this time, color) 
you are trying to test. This 
variable you are testing is 
called the experimental 
factor. Each experiment or 
trial should be done in the 
pome way except for changing 
the colors. 
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(1) X 'Sji 
N 



(2) In measuring we will 
have a range of values (this 
can be shown by a fi^eque^oy 
distribution curve): 




RANGE 



By averaging we should come 
closer to the more probable 
answer* 

(3) Yellow shouc ^ give 
the longest and red the short^ 
est response position for all. 
Also they will notice motion 
before being able to identify 
color. They will, however^ 
have different individual 
response positions. We all 
have limitations but these 
vary slightly in individuals. 

!4) If you were to map 
the eye, you would find 
different color receptors in 
different positions. The 
receptors for yellow are most 
widely distributed and found 
farther to the side. Fed is 
nearer the center. The 
physical make -up of the eye, 
therefore, determines our 
similarities, differences, and 
limitations. 

Brightness is also a 
factor, yellow usually being 
brighter than red. 



Exercises for Home^ Desk, and Lab (HDL) 

0) What Is your average response position 
for each of the three colors? 

(2) You had four response position 
numbers for each color. Why were you asked 

to give the average (also called the mean) In- 
stead of the highest or lowest number? 

(3) Compare your results with other mem- 
bers of the class. What similarities do you 
find? What differences? 



(4) What Is your explanation for seeing 
one color before you can see the other colors? 
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Questions for. Further Study and Experimentation 

(1) As E, you wer6 Instructed to select 
the colors randomly and to give no clues as to 
what the color was to be. Would It make any 
difference In the data If the subject knew 
v/hat color was to be presented? Check your 
hypothesis by experimentation, 

(2) If you use the other eye do you get 
the same results? 

(3) If you are allowed to move the eye, 
will you get substantially better results? 

(4) If you wear glasses, would this have 
an effect on your results? 

(5) White Is a mixture of colors. What 
results would you get In using white? 

(6) Do you know of any animals that have 
independent eyes? What does this medn? 

There Is evidence that this experiment Is 
reliable, but there Is no evidence that It Is 
valid for the driving situation (refer to 1.12). 
You may have received a very low average re- 
sponse position as compared to others, but In 
driving a car you might be Just as quick or 
quicker than others to notice another car coming 
up hesidu you or approacn'ng from a side street. 
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students who have the 
time and interest could do 
these. They may also have 
questions of their oxm that 
they would like to investigate. 

(2) If the subject knows 
what color is to be presented, 
he cannot be completely objec^ 
tive in his judgment and will 
very probably get larger 
response positions. 



) It depends on thr. 
cuz cofiditioK. Accept the 
ct\dent^8 experimental re- 
suits. 

(Z) Yes. 



(4) Accept the studr^nt's 
cxperirr?ntal results. It 
might depend on the correction. 
It is more likely that the 
rims of the glasses will 
interfere. 

(5) Since white reflects 
a mixture of all of th colors, 
white will he detected at 
about the same position as 
yellow.- Often it will he 
sep.n ae yellow in that 
pooition. 

(6) Examples are floioi^ 
dere and chameleone. Thrir 
eyes move independently . 
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Equiyment and Materials 

(for two lab gpoupe of three) 

2 meter sticks 

2 toy mechanical crickets 
(one about 3 inches 
long by 1 3/4 inches 
wide is a good size) 
60 sheets of graph paper 

In this experiment stu-- 
dents are to compare their 
reaction times to a visual 
stimulus to their reaction 
times to an auditory stimulus. 

Students should see the 
need to find an average or 
mean _ 

X = 2.x 

N 

Simvlarities and dif- 
ferences among students as 
well as limitations should 
be apparent in these two 
experiments* 

The techniques of making 
a histogram and frequency 
distribution curve are intro-- 
duced here. These will be 
covered in more detail later. 



Make two Pieron sticks 
bij taping a strip of cali^ 
brated paper to each of two 
meter sticks. The paper is 
nalihrated in hundredths ^^f 
seconds by using D = ^gT . 
D is the distance in cm; 
'J is the acceleration due to 
[jravrty (980 cm/sec^^); T is 
firm* in seconds. 



C.5 - Experiment: VISUAL REACTION TIME 

You have done or will do several experi- 
ments on visual perception. T ;ir e/periment 
will also involve auditory perr7.pticn. You 
are to determine your reaction time to a visual 
stimulus and compare it to your reaction time 
to an auditory stimulus. 

You will need three people in your lab 
group. One student is the subject (S), one is 
the experimenter (E), and one is the recorder 
(R). After fifteen trials for the visual re- 
action time, change roles and repeat the pro- 
cedure for fifteen trials. Then again change 
positions. Each of you will have then per- - 
formed each of the roles of S, E, and R. 
Follow the same procedure for the auditory re- 
action time experiment. It is suggested that 
when you change roles, R becomes S, S becomes 
E, and E becomes R. As E and S, you may become 
tired and fatigue could affect your reaction 
time. 

Use the Pieron sticks, which are meter 
sticks with calibrated strips of paper attached 
to them. These strips of paper are calibrated 
in hundredths of seconds. Can you explain how 
this calibratior; i/as done? 
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Choose a stnooth-surfaced wall where you 
will have plenty of room to work. The edge of 
a cabinet, a door casing, or an outside corner 
may be easier to use. 

E places the stick against the wall at a 
height where the .00 mark is convenient for S. 
E holds the stick to the wall by the pressure 
of his thumb. He aligns the stick vertically 
at each trial. 

S places his thumb about 1 cm away from 
the stick with the .00 mark in line with the 
top of his thumb. He supports hts hand against 
the wall. 

E should say "Ready" about 1 to 4 seconds 
before suddenly jerking back his thumb to 
allow the stick to fall freely. 

S watches E's thumb or the stick. When 
he sees the thumb move or the stick start to 
fall, he applies pressure with his own thumb to 
stop the fall of the stick. 



Some students may know 
this formula and be cd>le to 
figure out hou the cali- 
bration was done. If not, 
explain it to them so they 
can undei iitand hou we arrive 
at the time figures given on 
the paper. 

The following pattern 
when put together will give 
you the proper calibration. 

Copy this onto a strip 
of paper and scotch tape it 
to tfte meter stick as shown 
with the highest time at the 
end of the stick. 
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CALIBRATED 
STRIP OF 
PAPER 
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.30 



.29 



.28 



.27 



.26 



.25 



.24 



.23 


1 s 

. 1 9 


. 14 


.22 


.13 


.21 


.12 


.11 


.20 


.10 


.09 


.19 


.08 


.07 


.18 


.06 


.05 


.00 


.17 




.16 



Thn reaction time should 
l.c V'.ad that is in line with 
t hr f:op of thp thumb since S 
rLxvtc'l u)ith ihe .00 mark in 
that position. The time 
rh'uLd he read from the same 
y^fcrrnan point each time. 

Thn experime)^ er should 
V2ry the time between the 

'adu*^ signal and release 
■f the stick so f'ai tlie 
:*vbj(?at cannot anticipate the 
tfmn of release. 




E's HAND 



S's HAND 



FIG. C.l 

E reads the reaction time that 1s nearest 
in line with the top of S's thumb. Why should 
the time be read from the top of the thumb? 

E should vary randomly the '. of 
time between the "ready" signal -irid re- 
lease of the stick. Why? 

R records for S. Record the visu 1 re- 
action time for each of fifte.ii t-^i.' .. 

After each has recorded ii' .en visual 
reaction times » fine' your auditory reaction 
times. 
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C.6 - Experiment: AUDITORY REACTION TIME 

The procedure Is exactly the same except 
the subject (S) ts now blindfolded. E holds 
the stick against the wall with a toy mechanical 
cricket. E must place S's thumb in the proper 
place each time, or place the stick so S's 
thumb is In the proper place with the top of 
the thumb In line with the .00 mark. Again 
the thumb should be about 1 cm from the stick. 

E presses the stick against the wall with 
Ihe cricket. He should press hard enough to 
hold the stick with the cricket. That way the 
cric^3t clicks only once. E gives the "ready" 
signal and in from 1 to 4 seconds jerks the 
crickat away. This causes the second click 
to so»jnd from the cricket and allows tlie stick 
to fall at the same time. E should practice 
thii a few times to develop the technique 
oe-'ore testing S (hold the cricket with the 
thumb on top and on finger under the side). 

As soon as S hears the click, he moves 
his thumb to catch the stick. 

E r^^ads the auditory reaction t me and R 
recoris it for S. Record the times for fif- 
teen trials. 

When you have completed the fifteen trials 
for rill three students for both the visual and 
3udi^)ry reaction times, take your own data and 



Equiprr i 'mt and Materials 

Same as C.S^ except add 
?. blindfolds. Thesis 
could be made by <*ovcrmg 
the eye holes of haLlowcen 
masks with black paper. 



If more than or-- group 
is doing the auditory reaction 
time experiment, hn sure that 
they are widely sc\Kirated. 
One group might W(:r< in coi" 
other room or the hall. The 
blindfolded studby-^ may not 
be able to dist^Mgi tsh the 
click that is meant for him 
from that which i*? meant for 
someone else. 

If only tvv groups are 
working on thiv, one grou^. 
could do the visual j'^,acti:.n 
time part while the th^r 
group is doing thc' aucl^.c'/'^. 
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compile it as shown in the following example: 



On a large piece of 
paj/nv, prepare a master 
rhc<^t for the olasR as 
i'lvh^i /> thic example: 



VISUAL 


AUDITORY 


Seconds 


r recjuency 




Fv*pniipnr\/ 
r 1 Cviuciiv^jr 




u 


• UH 


n 


nc 
• Ob 


) 


flR 
• U9 


n 
\j 


• Oo 


o 

2 


HA 


n 


.0/ 


u 


07 
. u/ 


n 


AC 


1 


Oft 
• uo 


1 

1 


.09 


0 


.09 


0 


JO 


0 


.10 


11 


.11 


11 


.11 


1 


.12 


1 


.12 


11 


13 


1 


.13 


nil 


.14 


111 


.14 


11 


.15 


nil 


.15 


11 


.16 


11 


.16 


0 


.17 


0 


.17 


1 


.18 


1 


.18 





By frequency we mean the number of trials 



in which you got a certain reaction time. 

In the above example, for the visual, if 
you caught the stick in .15 seconds on four 
different trials, the frequency for .15 
seconds is 4. If you caught the stick in .16 
seconds two times, then the frequency for 
that time is 2. 

Also add your data to the master sheet 
that the teacher has prepared for the class. 
Add the proper number of marks (frequency) to 
each time column. Put these marks about equal 
distances apart. 
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vis. 




And. 




Beao. 


Freq. 


Reac. 


Freq. 


Time 




Time 




.04 


1 


.0^ 


-ill 


.05 


/ 


.05 


til 


.06 


Jl 


.06 


tnii 


.07 


(tl 


.07 


nun 


.08 


HI 


.08 




.09 


luill 


.09 




.10 


tItlUfll 


.10 




. 11 




.11 




• 12 




. 12 




.13 




.13 




.14 




.14 




.15 




.15 




.16 




.16 




.17 




.17 




etc. 


etc. 




etc. 



As students finish^ have 
them add their data to this 
chart. The center times may 
have 50-100 marks. Allow 
plenty of room. Have them 
place the proper number of 
lines (frequency) to each 
time column for both the 
visual and auditory reaction 
times. Ask them to put the 
marks about equal distances 
apart. 

When they have finished^ 
you will have a histogram. 
It should show the distri- 
bution quite clearly. 

Have volunteer students 
make graphs^ one a histogram^ 
the other a frequency distri- 
bution curve of the whole 
class. 

Also have a student find 
the average or mean for the 
class from this information. 

These can be used for 
reference^ comparison, and 
discussion later. 



^0 



Graph your results for both visual and 
auditory reaction times. Label the X axis 
time in seconds, the Y axis, frequency. In 
graphing your data you wtll get what Is called 
a frequency distribution curve. You may make 
two graphs on one sheet of graph paper* within 
the same area, by using a different color for 
each curve. 



with only fifteen trialSj 
however^ the distribution may 
not he this good. They may 
only be able to see a good 
distribution when the scores 
of the whole class are 
graphed. 

Also the curves^ indivi- 
dual and clasSy may be skewed 
to the left. They usually 
will get higher reaction times 
in the beginning but practice 
will improve their scores. 
Then again^ higher scores 
might appear as they become 
fatigued near the end of the ' 
set of trials. With only 
fifteen trials^ fatigue may 
not be such a factor. 

In a distribution curve 
aach time is graphed even if 
the frequency is 0. The curve 
chould not be rounded. In a 
histogram the ct^nter of the 
bar in placed at the proper 
lime like this: 




.05 



AO .15 
iN SECONDS 



.20 



Students' graphs should 
come out something like the 
examplf^ above. 
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The experiments on reaction times are both 
reliable and valid. If your reaction time was 
faster than average In the experiment. It Is 
very probable— If there Is nothing to affect 
your reaction time— that you will react faster 
than average In other situations. While 
driving. If an emergency arises, you probably 
win be able to hit the brake faster than the 
average driver. Again, this will not make you 
a good driver. There are too many other factors 
to consider, but the point to be made here Is 
that these experiments on reaction times are 
valid. There is a useful relationship between 
the results of the experiment and some related 
performance. 



Exercises for Home> Desk, and Lab (HDL) 

(1) Compare your graph for the auditory 
reaction time to the one for the visual re- 
action time. 

a. Are the shapes of the curves similar? 

b. Do they peak near the center? 

c. Are they somewhat symnetr^cal? 

d. How does the range (the &mour.( of 
spread of values) of one differ from 



In this experiment atw- 
dente will find that they ve^ 
OQt more quickly to an 
auditory etimulue than to a 
visual atimulua. They may 
find thie quite eurprieing. 
No queetione have been asked 
of them aa to why thie is 
true eo that reaulte of the 
experiment would not be 
revealed. However^ after 
they haa)e all finished the 
experiments^ some discussion 
as to why they got a faster 
auditory reaction time seems 
appropriate. 

Since the tuo experi- 
ments wex^ done the same way 
(except for the experimental 
factor) and since light 
travels faster than sound, 
the answer would seem to lie 
in the biological difference 
between the eye and the ear. 

We should not try to 
gi')e a simple answer to a 
very complex question. In 
facts the full answer is not 
known » There is obviously 
a longer transmission time 
for the eyes but what part 
of the eye or neural system 
causes this lag in time is 
not known. 



( i) Individual graphs 
will differ but it is expected 
that the shapes will be 
similar, will peak near the 
center and will be somewhat 
syrmetrical. Again, with 
such a small number of trials, 
this may not be evident until 
the graph for the class ie 
completed. 

The range for the visual 
will probably be greater than 
that for the auditory reaction 
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tim*^. Most students 
will got a better 
reaction time for the 
auditory stimulus. 

(2) The shape of the 
graphs should be similar. 
The ranges and individual 
scores may differ slightly 
but there should be a simi^ 
lar general pattern* 



(3) Students may want 
to report the average* 

X = Xx 

N 

Since there is a range 
of values (which shows up in 
the distribution curve), 
the average should come 
clos^cr to giving the most 
probnble answer* However, 
range is also important 
since it indicates the limits 
within which you perform. 
The range gives important 
information — for example, 
two people may have the 
same average, but one a 
much larger range. This 
would show the one to be 
more erratic in behavior. 

(4) Students should 
recognize similarities and 
differences here. The audi^ 
tory reaction time scores 
should be smaller than the 
visual for all students. 
Theis will be different 
mean scores, hut the dif^ 
ferences will probably not 
be too great. 



the other? 
e. In which case would you think you 
would get a shorter reaction ttme? 
(2) Compare your graphs with the graphs 
from the other members of the class and with 
the graphs from the entire class. What simi- 
larities and differences do you see? 
(3) 

a. What was your shortest reaction time 
for each stimulus? 

b. What was your longest time for each 
stimulus? 

c. What was your average reaction time 
for each stimulus? 

d. Which ones should you report as your 
reaction times? Why? 



(4) Are your mean or average scores the 
same for both the auditory reaction times and 
the visual reaction times? Check your results 
with others in the class. 

a. Is the difference between your two 
scores (auditory and visual) about 
as great as that found by othei s in 
the class? 

b. Are both your scores above the class 
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mean? below? one above and one 
below? 

(5) Do you believe that one can» on the 
average^ react faster when receiving a signal 
from one sense than he can if he receives a 
signal from another sense? 

a. What evidence do you have to support 
your belief? 

b. What degree of confidence do you place 
on your evidence? 

(6) What external factors might cause 
the reaction time scores to fluctuate? To 
what extent are these fluctuations predictable? 
Can you think of any ways to reduce the 
fluctuation? 

(7) What are some internal factors that 
may affect your reaction time? 
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(5) This experiment 
should demonetrate that we 
do react more quiokly to an 
auditory etimulue than a 
visual stimulua. The evi-^ 
denoe the student should 
have is the data oolleoted 
in class. He should place 
confidence in this evidence 
only if a large number of 
people are tested and the 
same results are obtained 
in enough of these cases to 
justify the conclusion. 

(6) Some things that 
may cause the scores to 
fluctuate might be (a) atten- 
tion may be diverted or 
someone watching may make 
you nervous, and (b) human 
errors in experimentation 
such as not dropping the 
stick correctly or allowing 
the students to anticipate 
the release of the stick by 
dropping it after the same 
interval of time from the 
"ready signal for several 
trials. These fluctuations 
are somewhat predictable 

and can be reduced by care- 
ful experimentation. But 
there are, no doubt, some 
factors that are unpredict^ 
able and that we know 
nothing about. 

(?) Some factors that 
may affect reaction time are 
learning, fatigue, drugs, 
alcohol, lack of sleep, 
nervousness, age. 



Some students may want 
to compare the girls ' scores 
with those of the boys. Or 
they may want to experi- 
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ment to see if age aeema 
to affect reaction timea* 
Those who are interested 
a>id hai^*^ time may experir 
ment further. 

After completing the 
set of five experiments on 
the senses^ use of the 
microscope may be intro^ 
duced. Conceptually J work 
with the microscope fits 
the set of sensory experi^ 
ments, but because of the 
detailp.d instruction required 
by tl'.r teaohex^s the rnicro^ 
scope w^^rk ie set aside as 
a separate experiment. An 
introduction to the use of 
the microscope like that 
given in the BSCS Green 
Vei'sioft, Exerctse 2.^, '%'6e 
of the Microscope^ (sections 
A through seems ideal 
at this time. 

If the teacher uses 
the microprojector^ so 
that C\ ? is a demonstra- 
tion^ therp. is no need 
to Introduce microscopes 
at this time. 



When the students have 
completed BSCS Green Version 
Exercise 2.4^ the experi- 
ment "Paramecia and Their 
Speed" will demonstrate a 
microscopic I lusion . " 
The paramecia appear to 
move very rapidly across 
the microscope fields but 
an actual measurement of 
their speed will show this 
"illusion" is due to scai^ing. 
The paramecia actually travel 
a Very nhort distance. 

Note: this ma;j be done as 
a dev" y^^tration 
usir. ? micro-- 



From materials you have already studied, 
you have seen that your senses are subject 
to a sensitivity threshold, a time threshold, 
and Illusions. You have also seen that various 
instruments or tools may help tc overcome 
sensory limitations. Yet, even those instru- 
ments that are most used to extend the senses 
have limitations and lead to special illusions. 
We will illustrate these limitations and 
illusions using a microscope as a convenient 
sensory extender. 




C.7 - Experiment: PARAMECIA AND THEIR SPEED 
Using a medicine dropper, remove a small 
amount of liquid containing paramecia. Place 
one drop at the center of a clean glass slide 
and add a cover slip. Focus with low power 
and adjust to obtain good contrast. Move the 
slide around on the stage so that all areas 
under the cover slip are examined. Notice 
the movement of the organisms. When seen 
under high power, do the organisms appear to 
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move more rapidly or more slowly than when seen 
under low power? Guess how rapidly the 
ornanisms are moving. Knowing the diaircter of 
the circular field of view and approximately 
how long it takes a Paramecium to cross that 
field, what is the speed of the Paramecium? 
Contrast this speed with your speed of normal 
walking by expressing both values in the same 



C.8- Demonstration: SIZE AND WEIGHT 

In this demonstration volunteers will be 
asked : i judge relative weights and to make 
estimdtes of actual we^'ghts. 



projector rather than 
ae an activity of the 
entire olaee. 

It is possible to grow 
your am culture of paramecia, 
but it ie probably mu.ah 
easier to purchase them from 
Carolina Biological Supply^ 
called Powell Laboratories, 
in Gladstone, Oregon, Powell 
Laboratories also sells a 
mi^ed bacterial culture which 
might be of interest because 
of the variety of sizes j 
shapes, and speeds. If you 
feel that there will be a 
shortage of organisms for 
yopT class, you might place 
a single drop of culture 
upon the student slides 
rcither than have them do it. 



The purpose of this 
experiment is to demonstrate 
the size^weight illusion and 
to show the need for extend-- 
ing our senses in terms of 
mcasmnng weight (mass). 
This will introduce the study 
of the equal-arm balance. 

Fake holes in opposite 
sides of the cans near the 
top and attach the wire to 
make handles.- The handles 
chculd he exactly the seme 
cn aach can. 

Add weights to two 
experimental cans until they 
are both exactly the same 
weight (ZOO grams or more). 
One can should be large, 
Guoh as a 2 or Z lb. coffee 
car. and one should be small, 
such as a small vegetable or 
frozeyi juice can. 

Since in the experiment 
on size illusions the lengths 
of the lines and diameters 
of the circles were all 
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^quut. Students mtght suspect 
that this will be true again 
and that the weights will be 
equal. It is suggested that 
you use, as a control, two 
ether cane of different sizes 
and obviously different 
weights. For eoxartple, a 1 lb. 
coffee can with 350 grams of 
weight and a vegetable or 
fr*iit can with SO grama of 
weight could be used. In 
the discussion the results 
and figures given for these 
may be disregarded, but the 
reason for using the control 
i^hould be explained. 

Ask four or five students 
to Judge the relative weights 
of the cans (both the two 
'jontrol cans and the tiX) ex- 
perimental cans). They are 
to d,?cide which of the two 
carii^ is heavier and about 
how many times heavier. 
Also have them make estimates 
of the actual weights of each. 
In case the results do not 
show the size-weight illusion 
consistently, the estimates 
of weight will probably vary 
a great deal which will 
still demonstrate the need 
for a balance. 

Be sure to give the 
following instructions to 
the students before they 
start.: 

(1) Lift two cans at 
a time (the two controls or 
the two experimental cans). 

(2) Lift them the 
carnal way by hooking one 
finger under the wire. 

(3) Watch the cans 
closely and do not allow 
them to swing. (Swinging 
the cans gives other clues.) 
Having them do this also 
keeps them looking at the 
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Lxo^-clses for Home^ De sk> and Lab (HDL) 
(1) a* Do you think being able to 

sec the cans will help or hinder 
t\\2 Students in making their 
judgments of weight? 
b. How would you test your 
hypothesis? 



cans whrch is important in 
getting the size^weight 
illusion. 

(4) Answer the follow^ 
ing questions: 

(a) Whioh oan is 
heavier? 

(b) How many times 
heavier (express as a ratio)? 

(a) A}:':>ut how much does 
ccih can weigh? 

(5) Write ycur deci- 
cicKS on a piece of paper. 
Do KOt make the OKSWers 
;<r'!Jn until all of the four 
or five students have made 
a judgment so that one stu- 
dent's 'ecioion will not be 
influey'*ed by aKCther. 

before making the deci- 
.'^iom l.,iOhyK^ collect come 
data to try to answer the 
student questions. 



Repeat the experiment 
c::'::'?tiy except this time 
bl''rdf^ld four or five 
i-tudents. 
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(2) Do yc think the students would make 
•)}ttor judgnK:ni:s if they had a known weight 
with which to to.ipare the unknown ones? 
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Again repeat the expert- 
me::t with four or five stu- 
dents but this tine allo'^^ 
th^rn to use a know>2 weight 
ac a comparison. 

After all of the data 
ave collected^ put it on inc 
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board in some systematic 
fom. For example: 



IfTA FOP 2 SXPERIMESTAL CANS 









1 


Times 


^Actual Estimates (grarw) 


Group 


1 


Student 


Heavier 


Meaoier 


Small Can Large Can 




1 
2 
3 
4 


Small 
Small 
Small 
Neither 


Ih X 
2 X 

Slightly 
Same 




Group 


0 


Blind- 
folded 
Student 

1 

O 

c 
3 
4 


Small 
Large 






Group 


Z 


Student 
Using 
Compar- 
ison 

1 

2 

3 

4 









^SinQ3 moct students 
will give estimates in 
pounds and ounces^ convert 
these to grams (4S4 g = i lb)* 

Place the cans on the 
platform balance to prove 
to the students that they 
are equal in weight. Give 
the actual weight. 
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Equijxnent and Material o 



(3) Examine the data op the board. Are 
there any conclusions you can draw from these 

a. In the first trial did the volun- 
teers consistently iudge one of the 
cans heavier than the other? 

b. If so, how might yru account for this? 

c. In the second and third trials, did 
the volunteers consistently judge on-- 
ran heavier than the other? 

i. i ry lO explain any similarities and 
diffc*"ences in the judgments of the 
three as to which can was heavier. 

e. Is there any consistency in the judg- 
ments as to how m^rh heavier or in 
the actual estimates of weight? 

f. Jid w'le groUp Hsfinitely make better 



2 aans^ one a large can 
such aa a 3 lb. oof fee 
oan^ the other a mall 
one 8Uoh as a frozen 
fruit Juice or srrtzll 
vegetable can 

P cans^ any ei -ea (to be 
used as the control) 

4 pieces of wire about ZO 
cm long (for handles) 

ZCO g (about) of weights 
to weight ea^jh can 

Single beam platform 
talry 

Blind^c , ^Halloween masks 
with t'<': cue holes 
covered u black paper) 

(1^2) J', ii ."expected * 
tkut the foil .win. .^onclu - 
dons 2cin be c^f\2^n from the 
data: 

(^•) Tn thi^ fii'&t' trial 
th'^ ctu lento will 0^<dje the 
r -t dlc:^ one to Ih? Jl* dvier. 
Th:r. is the st2 ■J-iiV^i^nt 
illusicn^ which '^eems to 
rt^rult from our e,rperie>i<^e 
'j^ith (if net knowledge of) 
rl-.r.i^itu. A person, al^hof^jh 
accord to ,judcte weicht. >:i.^.mr, 
tr take dcneity intc j.c3C\oit 
c lu ihe density cf ih^ s'^:^i^lcr 
OK.; ^rn^ah greater. 

(\j) because cf the s-f-ze- 
ijctpht illusion^ the bliyid" 
fended students should do 
b: ^.te.r in their judgment c 
•jhirjh ic heavier. Iriis vitl 
KC't ncacssarVy he true fc-' 
^ii": thii^ g^^'^'^P: althougr 
\;h^^ illusion will slUI 

The eGtimatr:s 
"hjw nuuy times heavier** a^xi 
thr. actual estimates of 
y.ci'jht i:ill probably varif .i 
ijrrat deal, Prolably no 
r:p.*:tprn will he urpar>:Kt 
tr-j4^jh jrour thr^e shsuli df^ 
ru::h hett?^r on the oatua^ 
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estimates of weights. Our 
senses are much more aacu^ 
rate when we cere allowed 
to make comparisons. 

(4) If the students 
reach the conclusions that 
are listed here, they could 
find support for them in psy- 
chology books. But they 
should be reminded that psy- 
chologists have done thousands 
of experiments to support 
their conclusions. Here we 
have a very snail sampling j 
not really enough to draw 
conclusions with any great 
degree of confidence. 

Some errors may have 
bp.en introduced. For ex- 
ample^ some people^ through 
experience J can make better 
judgments of weight. In 
using different students^ iu 
is possible that one group 
had more students capable 
of judging the weights more 
accurately. 

Students may think of 
other erroro that could have 
been introduced. 

(5) The idea of weight 
and mass can be introduced. 
Masc is constant but weight 
is not. It depends on the 
pull of gravity which varies 
from place to place. For 

le^ the cans would 
?^^igk more in Portland than 
tr . would if you were on 
top of Mount Hood. Because 
of the difference in ele- 
vation j Portland is nearer 
the nenter of gravity so 
the pull of gravity against 
the cans would be greater. 
On the moon the cans would 
weigh much less. (It should 
be pointed out that if you 
use an equal-arm balance^ 
there would be no difference 



judgments than the other groups? 
If so, try to explain why* 

(4) What degree of confidence lo you have 
In the conclusions you made? 

a. What factors can you think of that 
might have caused you to draw a faulty 
conclusion? 



(5) Are the weights of the c is constant? 
That Is, would they weigh the • .me n. matter 
where you are? 
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eincn the standard locighto 
would be equally affected.) 



(6) How accurate >*ere the estimates of 
actual weight? Is there ^ need here to use a 
tool to extend our senses? What would be used? 



Questions for Further Study and Experimentation 

(1) Students were asked to lift the 
cans by hooking one finger under the handles. 
Was this really Important? Lift the two cans 
by placing them on the palms of the hand. Lift 
them with one finger under the handles. How 



(6) It is hoped that 
students will see a need to 
use a balance to extend their 
senses. 



At this pointy introduce 
the metric unit of force^ the 
newton. A newton is an ex- 
pression of Kg m/sec^ as you 
can see when you use the 
formula^ F = mg. F is a 
force (newton), m is a mass 
in Kg and g ie meters/sec2 
(9.8). 

It is not necessary to 
give a lengthy explanation 
of the formula to students^ 
but since scientists would 
estimate 'Hie ft" in terms of 
newtons^ have them get the 
feet of the amoxmt of pull 
of a newton (they have esti- 
mated in grams and pounds). 

If you have a newton 
spring scale ^ hang a Kg mass 
on it to show the relation- 
ship. (If you don't have the 
newton spring scale^ calibrate 
a regular spring scale.) 
Then have students estimate 
the number of newtons in the 
cans. 



(2) If the student 
lifts the cans with the palnr> 
of his hands ^ he will find 
that the smaller can Ge.i'mc 
to be much heavier thin th*- 
larjer ae compared to lift- 
ing them with the fingerr^. 
This is because of the 
weight distribution. To 
eliminate this factor^ he 
could place equal size 
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boards und^^r the cans. 



(2) Students could ex- 
pcrimcnt to see if their judg^ 
ments are better when allowed 
to cwintj the cans. Their 
estimates should be better; 
they get some additional 
kinesthetic clues. 



Fquij 'vcnt and Materials 
sou bugs 

fizn or tray for each group 
paper towelling 
d( sk lamp for each group 
colored cellophane — several 

CO lors 
cardboard 

A good resource would be 
"Amateur Scientist"^ Scienti^ 
fig Arri'^rican (May, 196?)* 
The teacher may wish to have 
diff^ircnt groups of students 
doing different sections of 
this exercise an^ reporting 
bach to the entij^e class. 
This is an excellent exercise 
for writing reports. 

The little isopods called 
c<>'> rugs or pill bugSj so 
ccrm^.m under boards and in 
noisf- Litter^ ire organisms 
which respond demonstrably 
to thrtr environment. They 
*ar»'' <*heap to maintain j re- 
'iuin Little attention^ and 
not odorous. 

hi gathering biological 
U'lLa^ one sort which seems 
to /'. • fairly interpre table 
7\s f^h>' 'iiiher^or type. In 
/his fMiiVi an organism does 
' liing or it does not. 



do you account for the difference? If you had 
no handles for the cans and had to lift them 
with the palms of the hand, what should you dn? 

(2) Would you be able o make better 
judgments of relative weights if ycu were 
allowed to swing the cans back and forth? 

D. Experiment: RESPONSES OF SOW BUGS 

We have been studying human observation 
and its limitations. How do other organisms 
respond to external stimuli? 

Sow bugs are crustaceans. They are one of 
the few branches of the family tree which now 
live on land. Like other crustaceans, they are 
gill breathers and require a fairly high level 
of moisture in the environment (air) to survive. 

Into a large pan or enamel tray place a 
piece of paper towel which is moist. In some 
other part of the pan or trav, place a piece of 
paper towel which is not moiiit. T' e pieces 
should be some distance apart. Place the sow 
bugs allotted to you between the pieces of 
towel, and at approximately 30-second intervals 
record t^ ^ number of sow bugs on the tray, the 
dry towel, and the wet towel. 

Can the sow bugs find water? Must they 
touch it to know it is there? 
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Set up a large tray with a desk lamp over 
it. Place the allotted sow bugs In the center 
of the tray and map their movements over the 
surface of the tray. 

Describe their placement on the tray at 
the end of 3 minutes. ^Are they randomly 
distributed, bunched or other?) 

Place ine transparent and one opaque 
shelter (ea:h 2" x 2" x 1/2") in the tray. 
Let th£ floor of the shelter be the preferred 
type (plain pan, dry towel, moist towel). Put 
• • the sow bugs on the tray between the two shel- 
ters and record their positions as in the 
earlier phase of this experiment. 



Can the sow bugs detect light? What is 
their response to light? How would you pro- 
ceed to find out which color of light the sow 
bugs can see and which ones they cannot? 

Discuss an experiment to test for re- 
sponses to temperature. Do you think that 
temperature was an uncontrolled factor in the 
part of the experiment that tested their light 
responses? Explain. Describe the habitat you 
would expect sow bugs to favor. 



The culture may br main^ 
tained in a coffee c'an with 
aonui littoT (dry IcavrOj soil, 
etc.); enough water to make 
it alightly moist (not wet 
enough to be able to squeeze 
water out of it like a sponge); 
and a little food (a slice of 
potato, apple, or carrot). 
Poke a few small holes in the 
lid of the coffee can for 
ventilation. If there is 
not enough moisture, the sow 
bugs will die in a fev hours. 
Most school rooms are rela- 
tively u^j/j and this may 
present a problem. 

There is a good oppor- 
tunity to expand the exer- 
cise using other inverte- 
brates and/or a battery of 
other possible stimuli. 




If the students do net 
think of it, the teacher may 
suggest the use of differcntLf 
colored cellophane shelters. 



Yes, the desk lamp 
gave off a great deal of heat. 



Cool, moist, and dark. 
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Chapter II: MEASUREMENT, DISTRIBUTION, 

ORGANIZATION AND COMMUNICATION 



A. MEASURING AND COUNTING 

We have stressed the use of instruments 
as aids in extending our senses, but is there 
a limit to our sensory aids just as there are 
limits to our senses? As we might expect, 
every measurement does indeed have some 
uncertainty. 

To begin a study of the nature of mea- 
surement, a problem should be proposed that 
requires some kind of measurement for its 
solution. 

Which of the shaded areas on the next 
page has more area? Even more specifically, 
what is the ratio of area B to area A? 

A quantitative answer is needed. You 
should be able to say something like, "I think 
the ratio of B to A is 1.5/1.0.' What ratio 
did you get? What method did you use? 



Suggested referenoea for 
seotion A: 

Woodruff, Bobby «7. , Terma, 
Tab lea, and Skilla for 
the Phyaioal Soienoea, 
Silver Burdett Co., 

1966, Chap. 1-3. ' 

Tilbury, Glen, Problem 
Solving in Chemiatry, 
Lyona and Camahan, 

1967, Chapter 5. 

Cotton, F. Albert and 
LoDrenoe D. Lynch, 
Chemiatry, An Inveati- 
gative Approach, 
Houghton Mifflin Co., 
1970, Chap. 2. 

Toon, Emeat R., George 
L. Ellia and Jacob 
Brodkin, Foundations 
of Chemiatry, Holt, 
Rinehart & Winaton, 

1968, Chap. 2. 
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."':u'i:ntr, t-zxij ''"^cint to find 
• > ■ * ' ' ■ 'h" C'lad-d ire a. 



if 1^1: H'l ■in.\^, with thic 



One method that can be used is called 
square counting. Lay a piece of graph paper 
on top of the shaded figures and trace their 
outline. (We want the shaded area only.) Now 
count the squares within each. In this way we 
can find each of the areas. To get the ratio 
of area B to area A, divide the area of B by 
the area of A. Try it. 

On graph paper with squares 1/10 of an 
inch on a side, there are 592 squares in A and 
666 squares in B. This means the ratio of 
B/A is 1.13/1.00. 

Now let's examine what we have done. We 
chose a certain sized square and counted how 
many fit into the odd-shaped areas. This leads 
to a very important principle: all measurement 
is counting . In measuring anything, we choose 
a basic unit and asK hov. nr^any of the basic 
units will fit into tWx. object being measured. 
A.l - SYSTEMS AND UNITS OF COUNTING 

Suppose we had used a kind of graph paper 
which had larger squares. What difference 
would this have made? We could have found a 
lower count for both A and B, but they would 
have been lower by the same factor. For 
example, if the squares had been twice the 
area, the count for both A and B would have 
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been one-half the original count. The actual 
ratio of the areas would be the same no matter 
what size squares were used. However* dif- 
ferent ratios may appear in Instances where 
the squares differ In size, especially If some 
people count squares which are partially 
filled while others count only those completely 
filled. We could have employed a different 
system of measurement with a different basic 
unit , but our conclusion would remain unchanged. 
Unfortunately, several systems of measurement 
such as the metric system and the English 
system are in use today. This makes the job 
of understanding the universe a bit more com- 
plicated than it might otherwise be. 
A. 2 - DISTANCE. MASS, AND TIME 

Although man has f')ade r^any sophisticated 
measuring Instruments, he Is still basically 
ablo to make only three measurements. These 
measurements are; 

(1) measurements of distance [L], 

(2) measurements of mdss [M], and 

(3) measurements of time [T] . 

All other measurements arc combinations of 
these three, 

For example, the measurement of area that 
we just described 1$ a combination of measure- 
ments. Area Is length multiplied by length. 



Perhaps etudente -^culd 
enjoy looking for other 
"hiatcrical^' ayatema of 
meacurement. 

If time ia available^ 
th^y rtiyht create their o'jn 
rjctem. 

I'i computer usage, 

nurirPA^a ending in S are 

rour.dcd to the cloaeBt even 
nu:n' c r. 



//.rr ^Jj 4 ani 5 go I'i: 
t'Vr C'?ation. 



Ttmfcratura ie erc^ial 
it :b : aeioally a n^aaur-^ o 
the not: on of mcLecul^r, 7 
d^.rivation in tcrme of nico 
tCr^, and dlotanoe ie rrujh 
t.oo complicated for the ^Uu 
dnnt at thia time. 
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therefore expressed as L^. In fact, area Is 
always some factor multiplied by length times 
length. The area of a triangle is equal to 
the factor "1/2" multiplied by length (the 
base) multiplied by length (the height), or, in 
equation form, l/2b x h. What 1s the factor in 
the equation for finding the area of a circle? 

If we analyze the arrangement of these 
three basic measurements, we say we are doing 
a dimensional analysis For instance, you 
have found that the dimensions of area are L^. 
What are the dimensions of volume? As you 
know, the room you are in has three measure- 
ments. They are height, length, and width. 
But all of these are really one dimension — 
i.e. , distance. 

The analysis of dimensions can be a power* 
ful tool in problem solving. If you are trying 
to determine volume and your answer does not 
have the dimensions of volume, L^, your answer 
is obviously wrong. 

In the metric system, the basic units are 
seconds for lime, meters for distance, and 
kilograms for mass. This system is often 
referred to as the MK5 ^iystem. 
A. 3 - Experiment: THE SCALENE TRIANGLE 

Carefully trace jround the aluminum 
triangle given your group by the teacher. 
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The factor ia "tr ". 



are L^. 



The dimeneions of volume 



Equ!,prni>nt and Hater ia l 

r cr 3 aluminum (cr ot'-.r^r 
^'igid material) patter^:n of 
a Boalene triangle - all 
alike. 
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B 



#1 




f/ha \ 




Figure A. 3 



To avoid oonfusion, be 
Certain^ to use a triangle 
whose altitudes all fall 
within the triangle as 
in the sample above. 



An easy way to construct 
altitudes on their tracings 
of the scalene triangle is 
by sliding a sheet of paper 
(anything with a right angle) 
along each base until its 
perpendicular bisects the 
opposing apex. 

The student probably will 
not get the same answer l^e- 
cause he is not careful ai>out 
hie meriQuring technique and 
will give hi:} answer to a 
ridiculous number of signifi- 
cant figures. 



It IS called a scalene triangle because it has 
three different bases and heights. Label the 
three points of your drawing A, B, and C and 
consider the heights to be haf hb, and h^, as 
in the adjoining figure. Calculate the area 
C of the tracing using base AB and he. Make 
your distance measurements and give your 
answers using the basic units of the MKS 
system. Calculate the area of the triangle 
using the base AC and the height hb. Finally 
calculate the area of the triangle using 
base BC and ha* Did you get the same answer 
all three times? Why? Perhaps the trouble . 
lies in the way you made your measurements. 
Keep your data and tracing for the scalene 
triangle for later; you will want to refer 
to it. 

A. 4 - UNCERTAINTY ASSOCIATED WITH 
MEASUREMENT 

You have made many measurements while 
doing the exercises and experiments associated 
with this course. After working with the 
scalene triangle, you very likely realized as 
you did in section I. 4a that there was some 
uncertainty associated with every measurement 
you made. You have discovered one of the 
major problems all scientists have: no 
measurement Is exact. There is some 
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uncertainty associated with every measurernent. 
It follows that science is, to som extent, 
uncertain, rt is the extent of this un- 
» certainty that is of interest to us now. 
A.4,a . UNCERTAINTY ASSOCIATED WITH INSTRUMENTS 

We can begin our search to find out why 
our answers for the area of the scalene triangle 
varied by analyzing a linear measurement. 
Imagine that a professional scientist is inter- 
ested in determining the area of a scalene 
triangle similar to the one we worked with. 
The picture below is a representation of what 
the scientist sees as he measures the base 
of his triangle: 
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HDL U6 and 7 go with 
this section* You may want 
to assign "parts" of 6 and 
7 as the student proceeds 
from here to the section^ 
"Range of Uncertainty. " 



' » — I 1 1 r r 1 1 1 1 r- 

13 14 15 16 17 16 19 20 21 22 23 24 

0,2 cm. of 20^" C 



Figure A. 4 

Notice that the rule is marked plus or minus 
0.2 cm when the temperature is 20^C. This 
means the rule may be longer or shorter than 
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A rrAVV^iy of ^^like'' ir- 
r.tmneyito wilt -jivc a range 

factuj'ovr.^ oatuLogues often 
'doc tolcranaer^. 



we think it is. Any reading may he 0.2 cm 
longer or it may be 0.2 cm shorter. The manu- 
facturer of the rule guarantees the rule is 
never off more than 0.2 cm in either direction 
If the temperature Is 20^ C. Here then is a 
clear indication of one of the major sources 
of uncertainty — instrumental error. Every 
instrument has some error associated with it. 
Unless the instrument is quite expensive, it 
usually does not have the plus or minus (-) 
engraved on it. Sonie of the typical uncertain- 
ties associated with instruments found in most 
science laboratories are listed in the 
following table: 

Instrument Typical Uncertainty 

Triple-beam centigram balance 1 0.01 g 

50 ml graduated cylinder 

Platform balance 

50 ml gas measuring tube 

50 ml buret 
In some cases If you cannot find the un- 
certainty of the instrument you wish to use, 
you will have to make an intelligent guess. 
Your teacher may be able to help you make this 
guess. 

A.4.b. - HUMAN UNCERTAINTY 

If the scientist knows how to read his 
rule, he will begin by mentally dividing the 



t 0,2 ml 
t 0.5 g 
t 0.02 ml 
! 0.02 ml 
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smallest marked division into tenths. This 
means he will read this particular rule (FIG. 
A. 4) to the nearest 0.1 cm although It Is mark 
ed to the nearest centimeter. Keeping alert 
to anything that might deceive his senses, the 
scientist makes his reading. He reads the 
length of the object as 20.3 cm. He would not 
stop there, however, because he is not 
finished with the measurement. He would say 
to himself, ''I may be off as much as 0.1 cm 
in jr\y reading because I mentally divided the 
smallest division on rny rule Into tenths. 
Therefore, my human uncertainty may be as 
much aslO.l cm.'* This type of uncertainty 
associated with measurement is called human 
error. 

A.4.C - UNCERTAINTY DUE TO CHANGES WITHIN THE 
SYSTEM 

Can you think of any way the triangle 
might be changed because of the measurement? 
Perhaps the scientist ho^ds the aluminum 
triangle in his hand and, as the result of a 
heat exchange, the triangle changes size. 
"«rli'jpr, tne rule is much warniGr than the 
object; as a result of contact, the object 
chanqes. In this particular measurement the 
error due to c: change within the systetr would 
very small--so smaT , in fact, that the 

o 11 5 
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The Heisenberg Uncertain- 
ty principle becomes important 
when objects are very small 
and energies are very great* 
For example, to determine 
the size of an electron, one 
might try to bombard electrons 
with photons of proper wave- 
length. Very small wave- 
lengths mean very high energy 
photons. The result would 
be analogous to trying to 
get a picture of a small 
sports car by bouncing a 
large truck off of it. Many 
attempts at measurements on 
living systems are subject 
to this type of error. 
Polygraph tests are another 
ex'jriple. The use of the 
roC'jjraph on the subject may 
^ xc'te him as much as any 
inovi:ninating question. 



tIPL Its and 9 go with 
thtr r-cction. 



scientist would say it was negligible. He 
would assign t 0.0 cm for this error. 

You might thtnk this category of error is 
not a major category and should itself be 
neglected, tf we make measurements of ordinary 
objects, this category usually can be neglected. 
There are systems, however, where the process 
of measurement disturbs the system suffi- 
ciently to cause S'izable errors in measurement. 



A. 5 - RANGE OF UNCERTAINTY 

The three categories of error, then, are 
human error, instrumental error, and error 
due to change within the system. In the ex- 
ample used, the scientist assigned a t 0.1 cm 
•jncertairity as his human error. He assigr.ed a 
1 0.2 cm for the Instrumental error and a t 0.0 
cm for the error due to change within the 
<;ystem. The scientist's reading was 20.3 cm. 
What final 'jncertalnty should he assign to 
his reading? Before we can answer this ques- 
tion, we must think about the maximum amount 
the reading .tay be off. It is obvious that 
the scientist must add the human error, the 
instrumental error, and the error due to 
change within the system. Therefore, the 
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scientist tabulates his reading as 20.3 t 0.3 
an. The range of uncertainty Is 0.6 cm, be- 
cause the scientist ts saying the actual length 
of the object lies somewhere between 20.0 cm 
and 20.6 cm. 

A. 6 - PLACE OF THE LINCERTAINTY 

As you probably recall, we have names for 
the positions digits occupy In numbers. For 
example: 
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00 

o 



o 



o 



o 

CO UJ 



Meaauremente within this 
rcmge have a high level of 
QonfideriQe . Converse ly, 
meaeurementa outside this 
range are very dubious. 



HDL #10 and 11 go with 
this section. 



In our previous example, 20.3 t 0.3, the place 
of the uncertainty Is the tenths place. 

As another example, 168.9 t 0.3 cm poses 
an ''nterestlng problem. The number 168.9 plus 
0.3 169.2. Does this mean the place of the 
uncrM'talnty Is the oner; place? Not fit all. 
The pi ace of the uncertainty 1s still In the 
tefi i'^s place. 



h.; • KOUNUIfiG OFF TO IKE CORRECT PLACE 

•Vhen scientists ccnniinlcate quantitatively. 
It generally accepted that the uncertainty 
is rotinded off to the largest place having a 
dicj^*:.. In th^% case Z(.ro is not considered a 
riir ^. Tor example, in the measurement 102.73 
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ilDL fll2 goes with thia 



+ 1.68, the uncertainty (1.68) is rounded 
off to the ones place and therefore becomes 2. 
It is also generally accepted that the part of 
the measurement that comes before the uncer- 
tainty is rounded off to the same place as the 
uncertainty. The measurement 102.73 i 1.68 
becomes 103 t 2 when rounded off properly. 
Before you read any further, round off the 
following measurements to the proper place. 

(1) 421 t 22 miles 

(2) 6591.2 t 12 meters 

(3) 1.269 t 0.068 centimeters 

(4) 500 t 100 seconds 

(5) 50,000 ± 100 kilograms 
Check with your teacher to be certain of your 
answers before you continue. 

A. 8 - PROPAGATION OF ERRORS 

What happens to this "plus or minus" when 
you add, subtract, multiply or divide? The 
propagation of errors Is too large a topic for 
exhaustive coverage here. We will learn a 
simple method accepted by most scientists 
called "significant figures." 

A. 9 - SIGNIFICANT FIGURES 

HDL H13 goes along with Significant figures are the digits that 

a section. . 

are certain plus one more. The measurement 

20.3*0.3 has three significant figures. We 



(1) 420±20 miles 

(2) 6S90±10 m. 

(3) 1.27±0.07 am. 

(4) 500+100 sea. 
(f>) 50,000±100 Kg. 
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are certain of the tens place and the ones 
place, but we are not certain of the tenths 
place. . The uncertainty lies In the tenths 
place. Expressing this number using signi- 
ficant figures, we write 20.3 Determine the 
number of significant figures in the following 
measurements and express them using the proper 
number of significant figures. You may have 
to round off some of the measurements first. 

(1) 251 t 1 kilograms 

(2) 6532.00 ± 0.04 grams 

(3) 500 t 10 seconds 

(4) 500 t 1 centimeter 

(5) 4.0002 + 0.00149 square meters 

A.9.a - ADDING SIGNIFICANT FIGURES 

When you add or subtract measurements, the 

number of significant figures In your answer 

is determined by the largest place where there 

is uncertainty. In the following example, the 

digit that is uncertain is enclosed in a box. 

112.23 

100.0 

bl9.1698 

2.000 
733.3998 

Keeping in mind that significant figures are 
the digits that are certain plus one more. It 
is evident there are four significant figures 
in the answer. The answer rounded off and 

ERIC 
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(2) 252 

(2) 6522.00 

(3) 500 (this should 
bother the "good" 
student. Hoio do 
you write SCO using 
significant figures 
when it is "good" 
only to the tens 
place? Scientific 
notation comes later. ) 

(4) 500 

(5) 4.000 
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(1) IP- 



expressed In significant figures is 733.4. 

Try the following problems and check them with 

your teacher before you continue. Round off 

your answers and express them In significant 

figures. 

(1) 569.321+ 0.01 
2.0009*0.0001 
1030 +2 



(2) 50.80 



(2) 49.80 + 0.03 
l.OOOt 0.001 



(1) 903.005 

(2) 489.00 



A.9.b - SUBTRACTING SIGNIFICANT FIGURES 

As in addition, the number of significant 
figures in the answer is determined by the 
largest place that has any uncertainty. For 
example, 

32.5 

- 8.598 
23.9 

The proper answer, rounded off, is 23.9. Try 
the following problems and check with your 
teacher before you continue. 

(1) 973.009 

- 70.004 



(2) 523.0013 t 0.0235 
- 34.00298 * 0.00069 



IIDL HI 8 and 17 go along 
with thill section. 



A.9.C - MULTIPLYING AND DIVIDING SIGNIFICANT 
FIGURES 

When you multiply or divide, your answer 
should have no more significant figures than 
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the smallest number of significant figures 
originally available. For example, 
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156 (three sig. figs.) 
365 (three sig. figs.) 
780 
936 
468 

t- r f\Ar\ 

56,900 (three sig. figs) 

1943.1 (five sig. figs. ) 
271 (two sigT figs.) 



89453 (five sig. figs.) 

Ill (three sig. figs.) 

89453 
89453 

9,930,000 (three sig. figs.) 

= 92frr3 930 (two sig. figs.) 



Try the following problems and check with 
your teacher before continuing. 
Multiply: 



(1) 269.4 t 0.1 
16.2 + 0.1 



Divide: 

(1) 569.129 t .02 = 
69.001 ± .005 



(2) 1000. C i 0.1 
1.0 + 0.1 



(2) 4834.2 t .1 
1.0 + .1 



A.IO - SCIENTIFIC NOTATION 

Unless we always attach the uncertainty 
to the measurements we make, it is difficult 
to convey to another investigator just where 
the uncertainty lies. For example, if we see 
tho " inbor 46,000,000 we cannot tell whether 
the uncertainty lies in the ones, tens, 
hundreds or thousands place. 

To eliminate the confusion, we use a 
simple method which leaves no doubt as to the 
proner number of significant figures. This 



(1) 4260 three sig. figs. 

(2) 1000 tuo Big. figs. 



(1) 8.2481 (five sig. 

figs. ) 

(2) 4800 (two sig. figs.) 



HDL HI 4-1 7 go with this 
eeotion. 



simple method is called scientific notation. 
We all know the decimal point moves one place 
to the right every time you multiply by ten. 
We also know the decimal point moves one place 
to the left when you divide by ten. To express 
a measurement using scientific notation, the 
recorder simply writes the proper number of 
significant figures, puts the decimal between 
the first and second digit, then multiplies or 
divides by the proper number of "tens" to make 
the measurement as large or small as it 
actually is 

For instance, if the recorder wishes to 
tell the person who reads his report that the 
measurement is 46,000 good to three significant 
figures, he simply writes 460, then puts the 
decimal point between the first two digits 
(4.60) and multiplies by the proper number of 
"tens" to make the number as large as it 
actually is (4.60 x 10^). 

tiow can v;e e;<P'-RSS the neasuremert 
0.00005^9, shewing only three s1gnific?nt 
figures? Write 549 and then put a decimal 
between the first .v,id second digit (5.49). 
-many, we would .iivice by the proper number 
of "tens' (=.49 x IC"^). Write the following 
measurements js^'ny scientific notation. (You 
may have ta round orf to the correct place 



first.) 

(1) lOPfi \ 1 cm 

(2) (0,000 t 10 .nllet 

(3) 0.0261 •:: .01 

(•) 0.000018 t 0.000002 
(5) 1.25 t 0.01 

A.ll - BACK TO THE SCALENE TRIANGLE 

By now you probably realize some of the 
inadequacies of significant figures. One that 
is very apparent is the lack of a ranye of 
uncertainty. When measurements are expressed 
using scientific notation, we are never certain 
about the range of the uncertainty. Neverthfe- 
less, significant figures are very useful in 
communicating the place of the uncertainty, and 
knowing the place of the uncertainty is usually 
satisfactory. 

Refer back to the data you collected when 
you tried to calculate the area of the scalene 
triangle. Refer back to the section on instru- 
mental and human error and error due to changes 
within the system. Assign a range of uncertain 
ty to each of your measurements, then round 
them off to the proper place. Now express 
them using scientific notation. Finally, re- 
calculate the area of the triangle from the 
three sets of bases and heights using only 

o 
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r.7 

(•:) 1,000 X 7/'' 
.^• X 10-" 

(4) 1.8 X 10'^ 

(5) 1.25 X 10^ 



Notice there is no 
attempt to explain the "best" 
answer at this time. Interest- 
ed students might refer to 
a paperback, by W. J. Youden, 
Experimentation and 
Measurement (Scholastic Book 
Services t 1962 NSTA). 



List the students' re- 
sults on the blackboard. 
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The digits that are cer^ 
tain will be the same in all 
ca^ea. The variance in the 
imcevtain place is under^ 
ctandable because the last 
place written is^ uncertain. 



significant figures. Are those digits that 
are certain the same in all three cases? If 
there is some variance tn the uncertain place, 
is this understandable? Remember, significant 
figures are all the certain digits plus one 
more. 



(1) Statements (c) and 
(d) arc quantitative descvip- 
tionsn 



(?) No, hir. friend is 
> ^rovr^-^.^t^ Lf^cause the re- 
Icz. i^u^.tr heights re- 

r^.7''*^•" the care no matter 
'jhat .uj^tem of measuremi^nt 
in applied. Therefore, the 
ratio of their heights would 
ih^ same. 



Exercises for Home, Desk^ and Lab (HDL) 

(1) Observation is made of a burning 
candle. Which of the following can be 
considered quantitative descriptions? 

(a) The candle gives off light and heat 
as it burns. 

(b) The top of the candle becomes wet 
with a colorless liquid. 

(c) The wick is made of strands of 
string which are 9.8 cm long. 

(d) The candle becomes shorter at a 
rate of 1 cm/minute. 

(e) The top of the candle becomes 
bowl -shaped. 

(2) A student designs his own system of 
measurement. Using his system, he measures 
his height and a friend'^^^ '"eight. He finds 
the ratio of his height to his friend's is 
1.2/1.0. His friend argues that the ratio 
would be different if they used the metric 
system. Is the friend correct? Why? 
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In the following problems use L for 
length, M for mass, and T for t1n;e. 

(3) If you multiply length times length 
times length, what are the dimensions of your 
answer? 

(4) What are the dimensions associated 
with the speed of your family car? 

(5) If you multiply mass times length 
per time squared, then multiply by length, 
what are the dimensions of your answer? 

(6) A steel rod has to be measured. The 
picture drawn below is what you see while mak- 
ing the measurement. The steel rod is at room 
temperature and so is the ruler. 



□ St09l rod 



4 



1- 

7 



-r 

8 



OJ cm. at 25^ C 

(a) What uncertainty would you associate 

with the measurement? 

(b) Write the measurement with the total 
uncertainty. 

(c) What is the range of the uncertainty? 
(7) A student sees the following while 

making a meas rement using a typical triple- 
beam centigram balance. The large "riders" 
are at zero. 

■^^-small rider 



1 1 1 II I II i I 1 1 1 II I M I r I 
0,6 0.7 0.8 



I M [ I n T 1 1 1 1 1 1 1 I I I I I M 

0.9 i.og 



(3) L^^ which is the 
dimension of volume j is the 
correct answer. 



(4) is the correct 
T 

ar^cwer. 

(5) M (L^\is the correcrt 

cp.swer. (Mj^is mass tidies 

velocity squared which are 
the dimensions of Ej^ 

(C) human error t 0.2 an 
instrumental error t C.l cn 
other error ± O.J c*^ 

t 0.3 cm 

(a) Total uncertainty 
would be t 0.3 cm. 

(b) 8.2 t 0.3 cm 

(c) The range would be 
0.6 cm. 
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90 

(?) 



(a) to. OOS g 

(b) to. 01 g 

(c) to. 015 g 



(8) The range is 0.4 



grams. 



(9) The range is 0.16 
seconds. 



(10) The tenths place. 



(11) The hundredths 



place. 



(12) 



(a) 1.07 i O.OZ 

(b) 0.006 t O.OOL 

(c) 1600 t 100 



(13) 



(a) 649.2 
'I) 0.0006 



(a) What human error would you associate 
with this measurement? 

(b) What instrumental error would you 
associate with this measurement? 

(c) Assuming the error due to change in 
the system is zero, what total 
uncertainty would you associate 

« 

with the measurement? 

(8) What is the'^range of the uncertainty 
in the measurement 6.2 - 0.2 grams? 

(9) What is the range of the uncertainty 
in the measurement 100.02 t 0.08 seconds? 

(10) What is the place of the uncertainty 
in the measurement 6.02 - 0.2 grams? 

(11) What is the place of the uncertainty 
in the measurement 100.02 - 0.08 seconds? 

(12) Round the following off to the 
correct place: 

(a) 1.065 ^ 0.0295 

(b) 0.0059 - 0.005 

(c) 1649 ^ 100 

(13) Express the following using 
significant figures: 

(a) 649.2 ' 0.5 

(b) 0.00059 ^ 0.00015 
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(c) 5649 t 29.5 

(14) Add the following and express your 
answer using scientific notation: 



(a) 649.2 1 0.5 
29.26t 0.01 
1.269± 0.001 



(b) 527.8 t 0.1 
61.39+ 0.01 



(15) Subtract the following, expressing 
your answers In scientific notation: 



(a) 32.50 i 0.01 
- 8.902i 0.001 



(b) 657.89 + 0.06 
- 549.01 * 0.01 



(16) Multiply the following, expressing 
your answers In scientific notation: 



(a) 156 i 2 
365 ± 6 



(b) 1.009 + 0.001 
41 + 1 



(13) (a) 56 SO 

You may firat aaeign the 
iroblrma tluzt follow without 
askiHij atud*!nt8 to exproaa 
their anawera using soientifia 
notation. Then, after they 
have studied scientific 
notation^ they can re-work 
the problems^ expreasing their 
anawers uaing scientific 
notation. 



(24) 



(a) 6. 79? X 20^ 

(b) 5.892 X 20^ 



(25) 



(a) 2. 360 X 10^ 

(b) 2.0888 X 10^ 



(26) 



(a) 5.69 X 20^ 

(b) 4.1 X 10^ 
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(17) Divide the following, expressing 

your answers In scientific notation: 

(a) 654.298 t o.QOl 
2.0t 0.1 



(b) 54.07 t 0.05 
1.68 t 0.01' 



(17) 



(a) 3.3 X 20'^ 

(b) 3.22 X 10^ 



B. RANDOM EVENTS 

B.l - Experiment: MASS OF SOW BUGS 

You observed sow bugs earlier 1n the 
course. Weigh your sow bug Individually and 
record its mass on the board. Prepare a class 
histogram or bar graph showing the number of 
sow bugs at a given mass on the y axis and 
the mass of the sow bugs on the x axis. 
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Equipment and Materials 
sow bugs, 100 or ncre 
balances 

This experiment gives 
students veighing (massiyig) 
experience and data is col- 
lected that should s cw cr:- 
other distribution ^urve. 
If KG fj^c isopods have the 
same mass, instruct the stu- 
dents tc use mass rayiges on 
the X axis. Look at their 
data on the board and see if 
rounding off the masses will 
give a better distribution 
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curve. This will have to be 
decided after they have 
written the GOW bug maaaea on 
the board. Uae at least one 
hundred animal a. 

For uae of balancea aee 
D.2.C. 

Yea, the two grapha 
should be similar. 



WARNING TO TEACHER: 
Ask students to bring ten 
coins for B.2. 



Equipment and Materials 
small boxes - optvonal 
10 coins/student group 
graph paper 

This experiment may be 
done in groups or may be done 
individually if you have 
enough boxes and coins. If 
boxes are not available^ the 
coins may be shaken by hand 
and spread on the table for 
counting. 

Show the PSSC film, 
"Random Events" (30 min. 
running time) aftar this 
experiment. This film is 
very well produced; it should 
he seen by the students even 
if you may dislike films 
yourself. 



You have already determined your reaction 
times in Experiments C.5 and C.6, Chapter I. 
Refer to the graph of your results. Does the 
sow bug mass graph resemble your reaction time 
graph? Graphs are used to present experimental 
data in an easily understood fashion. In 
addition, the shape of the resulting curve 
often leads to Important insights. 

Distribution curves seem to be related to 
living systems because both of your graphs were 
obtained from observations on living systems — 
sow bugs and humans. Perhaps distributions also 
occur in non-living events and are a fundamental 
property of nature. 
B.2 - Experiment: COIN FLIPPING 

Shake ten coins in a box, remove the lid, 
and count the heads. Record the number of heads 
after each shake. Repeat this operation twenty 
times. Graph the results by placing the number 
of trials with the same number of heads on the 
Y axis and the number of heads In each trial 
on the X axis. 
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Is this graph simnar to the sow bug mass and 
human reaction time graphs? Does it appear 
that distributions due to random events are a 
general occurrence in nature? 

C. ORGANIZATION 

C.l - Demonstration: CLASSIFICATION AND 
ORGANIZATION 

We live in a world where most objects 
and events have names. And names, in part at 
least, are a way of classifying and organizing 
information according to the scheme of language. 
What holds our attention best is something new. 
Our Interest is immediately directed towards 
placing the new thing in its proper place in 
the world of things we already know. Often the 
shape and direction of your investigation of 
the new thing is strongly influenced by your 
first guess as to what it is. Thus taste and 
smell are used to investigate a powdered break- 
fast drink but not usually a powdered detergent. 

In science, classification and organiza- 
tion of information must be done as concisely 
as possible. It is important not only in 
communicating what you have learned to other 
people, but also in guiding your investigation 
as it proceeds. The game of Twenty Questions 
is a good example of how one uses information 
logically to obtain new information and eventur 



YeSt the graphs should be 
Yea. 
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This should be done as 
a demonstration with volun^ 
teev studentSy allowing them 
bo use their own classifioa^ 
tion cchemes. From these 
trials a rational system may 
he evolved by the students 
themselves. The teacher 
should y in any case^ finish 
up by drawing on the board 
a dichotomy flow sheet which 
provides an efficient route 
to the answer. 'An example 
follows: 



1 I 



r r : -r J'.':r.-u!:' 



ally to identify the object in question. 

A good example of how proper organization 
can lead more quickly to the answer than simple 
guessing is provided by a deck of cards. How 
many "y^s or no'* questions do you think 
necessary in order to identify positively a 
card chosen by someone else? Certainly you 
could do It with fifty-two questions, but what 
is the minimum number of questions that would 
be sufficient? 



1 



r 
•I 



l.:-'-r:._: 



;. a: 't •■ r. 

.',- rrj' ;tr 

1 

' of 

.1(1 *"■ , ' *' 1 -Pi'-i -.'i-rv? 



"^Numerical values for the aae^ 

jaoky queeny and king are 

assumed ^to be ly 21y IPy 
respectively. 
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You have used a flow sheet In Identifying 
one card out of ftfty-two. You have probably 
noticed that this system of organizing and 
classifying provides a useful way of dividing 
up the possible alternatives Into smaller and 
smaller groups— that Is, a way of going from 
the general to the particular. At the same 
time it provides a roadmap or sequence of 
operations which lead you most quickly to the 
answer. 

But the flow sheet has Its limitations. 
It is most useful only when a great deal Is 
known In advance about the collection of things 
which you want to analyze--that Is, when you 
already know what characteristics there are and 
which are most Important or general and which 
are trivial. 



If neQeaaary^ the teacher 
can draw out the entire flow 
sheet and shoio the students 
that in every case it is possi-- 
ble to identify the chosen 
card by a maximum of six 
questions through this scheme. 
In the use of the dichotomy 
or mutually exclusive oate^ 
gory system^ the number of 
\ltematives which can be 
resolved in n questions is 
equal to 2^. Hence ^ with 
six questions^ 2^ = 64 alter- 
natives could be handled. 
This problem should be pre^ 
sented to the students by 
asking them if six questions 
would still suffice when an 
additional three cards were 
included in each suit. 

The teacher should also 
make the point that the deck 
of cards is an artificial 
situation in that 

(1) all of the relevant 
characteristics of the cards 
are known in advance; 

(2) the generality of 
each characteristic is known 
in advance (e.g.^ red cards 
are more common than aces); 

(2) the total number 
of alternatives in the 
system is known in advance; 
and 

(4) the relationships 
among the various characteris- 
tics is fixed and known (e.g.^ 
one card of each numerical 
value occurs in each suit). 

The teacher may want to 
cite other uses of the flow 
sheet such as in chemical 
analysis^ chains of command^ 
responsibility in organiza- 
tions^ or genealogical 
tables. 



WARNING TO TEACHER: 
Ask the Btudenta to bring in 
an asBortment of 7-10 leaoea 
for Too many leaves 

iPMil to problems rather than 
solutions. 




Equipment and Materials 

The leaf collection per 
otudent group should consist 
of about ten different types 
of leaves collected in any 
convenient garden or yard 
and numbered by means of 
small pieces of tape attached 
to the leaves. 



A Poman Square is a device 
for correlating properties 
(jyid/or objects. See Figure 
C. 1 on the next page. 

This writing groupy 
which contained no botanists^ 
collected fifty types and 
discovered thirty^five use- 
ful characteristics which 
i}^rr> dividf^d about equally 
ainong the general headings 
Shape; Veining; Border or 
Ed'je; FuzZy Hair^ or Spikes; 
Texture; Stem; and Odor. 



C.Z - Experiment: CLASSIFICATION OF LEAVES 

Knowing very little about the collection 
of objects in question, what do you do then 
when you have to start from "scratch"? Try 
it now by observing the collection of leaves 
provided, noting as many characteristics as 
you can for each leaf. A useful device in 
this case is the Roman Square. This is a less 
organized and more open-ended way of handling 
observations. 

The square can be expanded as you examine 
new leaves and find new characteristics. But 
it would be wise first to study the leaves for 
15 to 20 minutes to determine as many charac- 
teristics as you can, and then to try to 
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CHARACTERISTIC SHAPE 



VEINING 



Leaf 
Number 

1 

2 

3 

4 

5 

6 

7 

3 



Tear- 
drop 

yes 



Heart Blade 



no 



no 



Round 



no 



Paral- 
lel un- 
branched 

yes 



Net- 
work 
branches 

nc 



Paral- 
lel 
branches 

no 



one 

main 

vein 

no 



Figure C.l 



errr^nge o^ group them under major headings as 
in the example above. As you proceed, you may 
^''P'l thet soiPe charactoristics--such as the 
pv^esence of veins--are true of all leaves and 
therefore not of much value in classification. 
OtI'ors— such as round shape—may be toe vaque. 
In your examination you may use cny of your 
senses except taste, since some leaves contain 
poisonous substances. You may find that soTie 
p.-i-J-s of characteristics Moually go tcgether, 
v"n;":e others appear to mutually ^xcl'jsive. 
Probably the most dlf^lcuU pa^^t of this study 
wi^ll be setting up the best ch=\r£.ct3r ;:tics. 
There is no easy solution to tins; only trial 
and error can accomplish the job. 

133 



The rain purposes of this 
(x^rnis^ am to acquaint the 
etudent with the Rc*nan Square 
ni'?thod of hcoidling dbserva^ 
ticr.s or data; to contrast 
fcr hirr. the relative diffi- 
culties ZK classification en- 
countei'*Qd in biological sys- 
tems a*? ccmpared to those of 
■2 cirnple man-made system like 
^M^^ deck cf cardc; nrid finally 
to for.?a kiv: to think a>id ex- 
pr*crs himself precisoly arA 
roy,oiecly in his fcrmulation 
of ^n.zractcristico » It ic 
anticipated that a ccnsid-ir- 
able period of trial and 
error :nll he necessary be- 
fere each ciud?nt arrive c at 
r! saiisf artery set of chava-^- 
tcrijtics Old orcaniztis them 
into sor,.i aust'Cn; trfo circs 
f*:rrods rr.cr hr^ rec^jcary. 



17.1, 



■•:-^a-:^ic:? ckrnld a'>orc tht^. 
'f:ci:'c'p\::rcv cr darn pocsr td'^^lf^. 
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Once you are satisfied with your Roman 
Square, you may want to reorganize your charac- 
teristics into a flow sheet which would permit 

\le think this test of you to identify a leaf in your collection with 

the student's classification 

scheme is important. The 35 few "yes-no" questions as possible. Test 

teacher should require it. 

your scheme of classification by having someone 
else in your group decide on a leaf which you 
then try to identify by means of these 
questions. 

It has proved meaningful 
to follow this exercise with 
another keying about 15 
examples of evergreen or 
deciduoue trees. Limbs or 
twigs may be used as samples. 
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D. CLASSIFICATION AND ORGANIZATION - EXTENDED 
Classiftcatlon and organization of playing 
cards and leaves can be accomplished using 
readily observed characteristics of the cards 
or leaves. In many cases visual observation 
will provide enough Information to allow a 
classification scheme to be formulated. Since 
the ultimate use of classification and organi- 
zation is the identification of individual mem- 
bers of the set, the problem Is quite general 
and important. Manufacturers of household pro- 
ducts must devote considerable attention to 
the design of the packages their products come 
in. Packages should "stand out" on the super- 
market shelf and be quickly identified 
visually. Supermarket managers like to keep 
similar products sheived together (classified 
and organized) so one finds shelves of soap, 
for instance, with a multitude of garish boxes 
in living color assaulting the eyes. Adver- 
tising of new products Is often as concerned 
i-'ith establishing the identity of the box as 
it is with telling about the new product. The 
design of automobiles is complicated by the 
fact that design features characteristic of a 
certain brand must remain constant enough to 
allow identification of the brand year after 
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year. At the same time, however, the design 
must change each year so the public will be- 
lieve the new model is different from the old 
one. Identification of automobiles is further 
extended by the necessity for each one to carry 
a permanent number attached to the frame and/or 
stamped on the engine in addition to the license 
plate. If we had to key automobiles we could 
also include body style and color in our key. 

For the fastest possible identification of 
a given automobile one might go through the 

items on our key in order of ease of observa- 

■ 

tion, A policeman would probably be trained 
to read licence nlates fast and accurately 
while the average c t'zen would probably notice 
color or body style first. In either case the 
car might be tentatively identified by a fast 
visual observation but the ultim.te identifica- 
tion would be by finding the frame and/or 
engine number. 

The study of nature often starts with ob- 
servation, classification and identification. 
Sometimes it is desirable to make a fast 
tentative identification (sometimes nothing 
more than a guess) while other times a very 
detailed analysis may be required (for example, 
samples of moon material are being studied in 
great detail). Now we are going to extend 



these ideas of classification and idontific?:- 
tlon to Include chemicals. The objective of 
the following experiment is to identify some 
unknown metals. 
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D.l - Experiment: VISUAL OBSERVATION 

A fast tentative identification of some 
metals might be made on the basis of visual 
observation. A more complete identification 
can be made by measurement of a physical 
property. An absolutely positive identification 
could only be made by measurement of several 
physical properties. 

Look at the table "Selected Properties 
of Some Metals*' on the next page. The column 
h«aHed "Color" is blank. Using the identified 
net'lr. in the lab, the Handbook, and your pre- 
vious experiences » fill in the blank column. 
Ii order to observe the true color of the 
identified metals it may be neces^.ary to re- 
nove the surface layer of corrosion with emery 
cloth or a file. 

OLitain unknown metals from the teacher and 
nttenot to identify the metals by ^Mur. This 
nay ' e only a guess. 

7^'^ t^.blo lists three o^H^r rhiracterlstic 
^^CD^'^r'-.ic?:. of the met-jls, melting point, boil- 
^yi noint and density. The temperature at which 



EQuiyment and Material 
Identified metale 
Handbook of Chen, and 

PhyaioB 
. t8 of unknom metala 
Ftnevy cloth or file 
Table: ''Selected 

Properties of Some 

Metala*' 



Th3 cheapest way to do 
thia experiment is to have 
five piecee of each of three 
metala for the claaaroom. 
Th2 piecee of each metal 
should be different aizec. 
The vclumee ehculd vary as 
widely ae poaeible for the 
available graduated cylindcva. 
All th^i pieoea of a giver 
metal cruld he color coded 
on on^ end for caay identifi- 
cat"? OH. ih^.y will be uacd in 
the next crperirnent ciieo. 



Htjc a Handbook end a 
colleoUon of identified 
metala arrund the lot. 
Emev'j cloth or a file ii\mld 
rlco he helpful. 
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Selected Properties of Some Metal s^ 



Metal 


SyiPt 


2 


Density 
Color^ Grams /cc. 


Melting Point 

«c 


Boiling Point 
°C 


Al umlnum 


.^1 




2.7 


660° 


2467° 


Cadmium 


Cd 




8.6 


321° 


765° 


Chromium 


Cr 




7.2 


1890° 


2482° 




Co 




8.9 


1495° 


2900° 


Copper 


Cu 




8.9 


1083° 


2595° 


Gold 


Au 




19.3 


1063° 


2966° 


Iron 


Fe 




7.9 


1535° 


3000° 


Lead 


Pb 




n.3 


327* 


1744° 


Magnesium 


Mg 




1.7 


651° 


1107° 


Mercury 


Hg 




13.5 


-39° 


357° 


Nickel 


Ni 




d.9 


1453° 


2732° 


Osmi m 


OS 




22.5 


3000° 


5000° 


Pal ladium 


Pd 




12.0 


1552° 


2927° 


Platinum 


Pt 




21.5 


1709° 


3827° 


Silver 


Ag 




10.5 


961° 


2212° 


Titanium 


Ti 




4.5 


1075° 


3260° 


Zinc 


Zn 




7.1 


419° 


907° 


1. Data taken 


from current 


handbooks. 






2. Symbols are a convenient shorthand. Often the symbol for an element is an 
abbreviation of the name. Sometimes it is the abbreviation of an older name. 


Common Name 






Old Name 




Symbol 


Copper 

Gold 

Iron 

Lead 

Mercury 

Silver 

Tin 






Cuprum 

Aurum 

Ferrum 

Plumbum 

Hydrargyrum 

Argent urn 

Stannum 




Cu 
Au 
Fe 
Pb 

Hg 

Aq 
Sn 


3. Colors can 


be described 


In various ways. Use your Imagination. 
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almost all metals melt are too high for us to 
determine in our laboratory. The boiling 
points are even higher. This leaves density 
as the property we can use. 

D.2 PRELUDE TO DENSITY 

Q uantity of Matter : "How much?" is a 
pretty fundamental question for the description 
of matter. There are several answers. One is 
how much space the matter occupies, that is, 
its volume. The second is the mass of the 
matter or its weight*. By tradition, volume is 
u^ed as a measure of quantity for some things 
and mass for other things. Gasoline could be 
sold by the pound though, and the space occu- 
pied by a person might be more interesting 
than his poundage. 

D.2. a VOLUME 

Liquids are most commonly measured by de- 
termining the space they occupy. This is easy 
because liquids assume the shape of their 
container. There are containers made for this 
punose such as measuring cups and spoons. In 
the laboratory graduated cylinders are one kind 



*Mass and weight are not synonomous. The 
distinction between them will require some 
physics. 
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HDL's 1-13 at the end of the 
chapter go with the f^^ction 
on density. 



of container used for volume determination. 
Scientific work commonly uses the cubic centi- 
meter Ccc. or cm?) or the milliliter (ml.) as 
the unit of volume. The two units are equiva- 
lent and graduated cylinders may be found 

3 

marked or calibrated In either cc, cm., or ml. 



Equipment and Materials 
Graduated cylinders 
3 or 4 metal 8^ 5 pieces of 
each 

If the students drop the 
riiCtal into a glass graduated 
cijiinder there is a good 
k*hance the glass will crack. 
Either use plastic graduate 
cj^linders or warn the stu- 
dents to tilt the cylinder 
and aZlob) the metal to slide 
down the wall. Alternatively, 
the metal can be lowered into 
the cylinder with a piece of 
thread. 




Demonstrate how the 
graduated cjj^linder is held 
at an angle and the piece of 
metal allowfjd to slowly slide 
down. With an old glacs jar 
you (^ouLd also demonstrate 
how easily glass can he broken 
by the metal. 



D.2.b. Experiment: VOLUME OF A SOLID 

The volume of a solid may be determined 
directly if its dimensions can be conveniently 
measured. If one of your unknown metals is a 
cube, for instance, you would have no difficulty 
obtaining its volume by direct measurement. 
Most regularly shaped objects such as spheres, 
cylinders, cones and rectangles can be handled 
similarly. Attempt to determine the volumes of 
some of your unknown metals by direct measure- 
ment. How many significant figures are justi- 
fied in your answer? 

Irregularly shaped objects present a 
different problem. Fill a graduated cylinder 
half full of water and record the volume. 
Carefully add one of your unknown metals and 
record the new volume. The difference between 
the original volume measurement and the new 
one should equal the volume of the metal. 
Determine the volume of each of your unknowns. 
How many significant figures are you allowed 



140 



in your answer? Compare your results with the 
direct measurement results. Are they the same? 
If not, why is there a difference? Which is 
the most accurate method? Why? Which method 
would be best for sand? For wooden blocks? 
Does knowing the volume help you in deciding 
what your unknown is? 

D.2.C. MASS 

Use of the Balance : A balance is an 
instrument used for making comparisons of two 
masses. There are several types of balances 
in corrmon use. One type is called an equal -arm 
balance. It consists of a beam suspended at 
its midpoint with a pan at each end. If an 
object on one pan has the same mass as an ob- 
ject on the other pan, the beam will be 
horizontal. Comparison of two masses is 
particularly valuable when one mass Is standard. 



Beam 




Figure D.l 



Wazm students to record 
their data so that they will 
be able to use it later. 

Knowing the volume won 
identify the metal. 

If this is the student's 
first experience with a grad- 
uated cylinder it might be 
wise to have them mdke several 
volume determinations of one 
piece cf metal to develop 
their skill. 
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A standard mass is any mass that we decide 
should be the basis for all comparisons. Scien- 
tists throughout the world use the same stand- 
ard of mass, the kilogram. The international 
standard of mass in the metric system is a 
cylinder of platinum-i ridium alloy kept at the 
International Bureau of Weight and Measures at 
Sevres, France. Our own National Bureau of 
Standards in , Washington, D.C., has an accurate 
copy of the international standard. Accurate 
copies of this copy are used for comparison 
purposes. The gram is one one-thousandth the 
mass of the kilogram. It is very nearly equal 
to the mass of one cubic centimeter of water. 

The triple-beam bal^ ice is in principle 
the same as en equal -arm balance. One pan 
has been replaced with a set of comparison 
masses in metric units, which slide along the 
beam. 
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D.2.d. Experiment: MASS 

Determtne the mass of each of your unknown 
metals with a balance. 

Does knowing the masses of your unknowns 
help you to Identify them? 

It is likely that knowing the volume and 
the mass was not particularly valuable to you 
In identifying your unknowns. This is because 
both are properties of the particular sample In 
your hand and are not properties of any partic- 
ular metal . They are very useful, however. In 
calculating a characteristic property of matter 
which will be helpful . 



Equipment and Materuzls 
3 OP 4 metals, 5 pieces 
each 

triple beam bailees 
platform balances 

There is a film loop on 
the use of the balance, 
^'Weighing with the Triple 
Beam Balance**, Ealing Company. 

For the heavier pieces 
of metal a platform balance 
will be needed. 

Knowing the masses will 
not identify the metal. 
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D.3 DENSITY: A CHARACTERISTIC PROPERTY OF 
MATTER 

If we take an Iron bar 1 cm. square and 
cut off 1 cm. sections we would have a number 
of identical iron cubes. Their volumes would 
all be one cubic centimeter. If we weighed 
them they would each weigh 7.9 grams* A 2 c??. 
section would have a volume of 2 cubic centi- 
meters and certainly we would expect it to 
weigh 15.8 grams. 

D.3. a. An Experiment: DENSITY BY A GRAPHICAL 
METHOD 

You have now determined the mass and 
volume of each piece of metal in the three 



The la: ' ratovy cxcrHse 
^/nioh follci^s Z8 iKcluded as 
a r(>view of ^rzvh^makiKa and 
ur u tc^cl f^r tearhiKj graph 



Z cr 1 nctalSy t pieces 

of each 
Bzla'^.neSs triple beam cr 

plat farm 
Jr^yh paper 
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If the balance is zeroed 
before the experiment is per^ 
formed the origin oan be 
considered as a data point. 
This should be discussed with 
the class. 



unknown sets. Plot a graph of the data. 

CO 
CD 

CO 
CO 

VOLUME, CMf, CC, or ML. 
Notes on graphing: Gather all the mass and 

volume data before setting up the scale 

division. Start the graph scale with zero 

grams and zero ml . 

When the data points for one metal have 
been plotted, draw a straight line which 
appears to best fit through the points. Prob- 
ably some points will not fall on the straight 
line. Why not? 

rrom the graph you have plotted read the 
mass of 1 cm. 3 (cc. or ml.) of your metal. 
Read t 3 mass of 10 cm.^ (cc. or ml.) of your 
metal from the graph, divide the result by 
ten a** i:ompare this number with your direct 
, ■ f J of grams per one cm. 3 (cc. or ml .) . 

Extend the line using dashes so that you 
can read the mass of a 100 cm. 3 piece of metal. 

How steep is your line? The "steepness" 
or slope of the line can be described quantita- 
tively as the number of units the line extends 
vertically divided by the number of units the 
line extends horizontally. 
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CM^, CC. or ML. 

Figure D.3 

By performing the actual arithmetic division 
we have the number of grams per cm. 3 (cc. or 
ml.) of metal. This is the same as reading 
directly the number of grams on the Y-axis at 
the one cm.^ (cc. or ml.) horizontal division. 

The quantity you have just calculated, 
the mass per on^ cm? or unit volume, is defined 
as (kTisity. For any substance (including of 
course, your- unk.i.r./n metr^ls) the density is a 
t-haractoristiu physical property. It is in- 
dependent of the size of the sam'^le. It should 
be a very useful characteristic property to 
use for identification of your unknowns. Graph 
the data for your other two unknown metals and 
repeat the process used above. Identify each 
unknown. 
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Density could have been obtained by the 
determination of volume and mass of just one 
piece of each of the unknowns. However, by 
making several determinations on the same metal 
using different piecest lab errors hopefully 
will tend to cancel each other. The graphing 
technique we used shows us when a data point 
is "out of line." If we did only one deter- 
mination we would not have this extra informa- 
tion about the data. Would we get the same 
result if we connected the data points with 
straight lines as shown below? 



CO 




ML 

D.4 OTHER CHARACTERISTIC PHYSICAL P^'IP^^r: ' 

Density is a physical property unr , ^ 
identification. There are other physical 
properties which are also useful for this 
purpose. We will now learn aLout sotne of these 
and use thett) fc^ idenlificrii'or. . 
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0.4. a. FREEZING AND MELTING 

We know that water freezes to form ice and 
that ice melts to form liquid water. The tem- 
perature at which this change takes place is 
known as the freezing point or melting point. 
Does ice melt at the same temperature that 
water freezes? It should, but how can we prove 
that it does? Plan an experiment which would 
' demonstrate this. 

For classification, organization and 
identification we can make use of freezing and 
melting. First, if a substance has a freezing 
point or melting point lower than room tempera- 
ture it should exist ordinarily as a liquid. 
On the other hand, a substance that has a 
freezing point or melting point higher than room 
temperature should exist ordinarily as a solid. 
We can classify and organize substances on the 
basis of whether they are ordinarily liquids or 
solids. List six substances you would expect 
to be liquids ordinarily. 

D.4.b. Experiment: BEHAVIOR OF SOLIDS ON 
WARMING 

Careful observation of familiar objects 
around us usually reveals characteristics and 
properties that were not obvious to us before. 
In this experiment you will compare the be- 
havior of several solids when heated. 



If someone has a good 
idea on this let them trr^ it. 
Perhaps a container cf Co<: 
and water and a thermometer 
will be sufficiently sugges- 
tive » 



Tf De restrict the lict 
to pure substances this is 
not an ^asy task for sopho" 



moras. 



Equipment and Mat < jriah) (for 
thirt\f i? /. ud.jnt^) 

IS ryxndl^.s 

lb t. Line en I^umerj 

IE ring etandc, ^^-'^gy 
ir'^i't^ gauiie 

15 !:5C rnl I eahtir 

If. tin Jan lidr- 

^V'ull vicC^O of 3U'if'l\ 

Icar!^ tin J copjcr, av.d 
'*tC' '■ rool 
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Small tin cans from home or 
school kitchens could replace 
beakersj avoiding the need 
to clean wax^ooated beakers. 

This experiment involves 
a careful observation and 
comparison of several aub- 
stances and how they behave 
under varying temperature 
ranges . 

This will give rise to 
making some generalizations 
as to the melting point of a 
substance being a charac^ 
teristic property of matter. 




The (joyper and the iron 
do not melt by this particu- 
lar prooe&s. After Qompaving 
aiar>r results, it may be 
desivabLe to refer the ntu- 
dent to a chemistry handl'ook 
to compare his findings 'jith 
the accepted melting point 
values as listed, 

f'Ome dasser. have found 
ihr r.ntfur an irritant to 
eye.i) and throat iMit^n hcat'-'d 
ovrr* the hunoen burner. It 
to ^uijgested that thie may be 
narvied out under a hood. 



Place a lid from a tin can on an iron ring 
stand as rhown in Figure D.5. The lid should 
have some depressions made in ft to hold the 
substances to be tested. Adjust the height of 
the ring so that It is about 8 cm above the tip 
of your candle. Place on the lid, equally 
spaced near the edge, small equal volumes of 
candle wax, steel wool, sulfur, lead, tin and 
copper wire or turnings. 

Light your candle and adjust the ring 
height until the tip of the flame is about 4 cm 
directly below the center of the lid. Heat the 
lid for about three minutes. Record your 
observations paying particular attention to the 
melting process. Replace the candle with a 
bunsen burner and adjust the iron ring about 
8 cm above the bunsen burner. Now adjust the 
burner flame to about 5 cm and heat for about 
3 minutes. Increase the size of the flame and 
heat for another 2 minutes. Record all 
observations. 

In the burning of a candle >ou will observe 
that there is a pool of liquid at the base of 
the candle wick. 

The question then arises as to whether the 
solidified liquid from the bowl of the candle 
will behave in the same way as the oriqinal 
candle wax when heated. 
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Remove your tin can lid from the ring 
stand and replace it with a wire gauze and a 
250 ml beaker about 1/3 full of water. Pour a 
few drops of the liquid from the bowl of the 
burning candle onto a piece of paper. Break off 
a piece of the solid formed and place it in the 
beaker of cold water- Obtain a piece of the 
unmelted candle wax by cutting a chip out of 
the bottom of your candle. Both pieces should 
be about the same size. Place the second piece 
in the beaker apart from the first piece. 

Heat the beaker and its contents with the 
bunsen burner and note when each substance starts 
to melt. Allow the beaker and its contents to 
cool and discard the solid material. (Do not 
put it in the sink,) 

How does your observed order of melting 
compare with the findings of other members of 
your class? Make a generalization based on the 
combined observation of the class. What state- 
ment can you make concerning the melted material 
in the bowl of your burning candle and the can- 
dle wax? Can you make any statements as to why 
the substances on the tin can lid began to melt 
at different temperatures? 

It will be important later to be able to 
tell if a chemical melts in a bunsen burner 
f '--^e or not. Remember^ I told you so. 
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Careful observation will 
show that only the candle wax 
and the aulfur are melted by 
the candle — in that order. 
The tin and then the lead are 
melted by using the bunaen 
bi4mer. 



When the student observer 
that the solidified liquid 
from the bowl of the candle 
melts at the same temperature 
as ^he solid piece cut from 
the candle y he will conclude 
that they are probably the 
same substance. 

Make sure that the stu- 
dent understands that solids 
do melt and that they do havf> 
characteristic melting pni.nts 
peculiar to themselves, a>id 
also that a particular sub^ 
stance always melts at the 
Seme temperature. 
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Equipmnnt and Materials 
f'-t tuboc 
/ . • >; A iijrade t fwrmome tnrs 
rhi'f r.tand:: 



r: >hj: 



/.'; }.'4>':U'n burners 

! ' i bear'.' -r'^ 

li ■ /, ruah ^jaradi- 
' r-^i^C'iZeyw. ^ yiaytha- 
/• - K y 7>id oa>idle wax 



r^'.-jnr h^cii'hrrr. rp.port better 
,U.^rl ):t rr.cMlt^: iihcn the 
/ f!''' J li fk! "rob^'nnene is 
Iwa^^. l to about 9\V C rather 



th( j''.rrA part of 
* >'j:r'-'rirv^"-:*- the atudeyit 
iV' ' ' haV' riurrj problems: 

.'». rfab1i::hinq a aooiiyij 
iia*'J'. :-)*ovi-d' d. that th/ 
I'ijn: ' r 2^ ur<^ .f the watt:r 



' J'; i r:*'n(*>i t th: ternpnva- 
*:Uf*- yO'-'^ C in noncid>?raf Lu 
rr r> 'frTfi(*'i^ in ^-rder to 
j> 7 r.alLif-i'U^ori* recult. 
I hit thr hU'cr in tha 



rti'vu 'tic 'd:. 



in r*"- 



D.4.C. Experiment: FREEZING AND MELTING 
CURVES 

In this experiment we will attempt to show 
that the melting points and freezing points of 
a substance are the same. 

In a clean, dry test tube place 10 grams 
of paradichlorobenzene and inmerse in a water 
bath and warm gently until the substance in the 
test tube is completely melted. Continue heat- 
ing until the temperature reaches about 70° C. 
Remove the test tube from the hot water bath 
and place in a beaker of cold water at about 
30° C. Measure and record the temperature of 
the melted substance every 30 seconds as it 
cools and begins to solidify. Continue to 
take data for about another 5 minutes. Note 
when the solidifying process starts and when it 
ends . 

Using an entire sheet of graph paper, re- 
cord your data in graphical form, plotting the 
temperature as a function of time. (Enter the 
time on the horizontal axis and the temperature 
on the vertical axis.) This is a cooling curve. 

Heat a large beaker of water about 70*^ C. 
Read and record the temperature of the solid 
substance in the test tube and place it in the 
beaker of hot water. Record temperatures 
every thirty seconds noting when the meltinq 
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begins and when it ends. (Note it md>* be 
necessary to warm up the water bath as the 
action continues.)' Record the observed data 
tjnd plot the data on the same graph 
used for the first part of the 
exoeriment. With a black pencil 
draw a smooth curve to represent 
the cooling behavior of the sub- 
stance checked, and with a pencil 
of another color draw a smooth 
curve representing the warming 
behavior of the substance. This 
is a warming curve. 

Obtain other samples of dif- 
ferent materials from your in- 
structor and determine the cool- 
ing and warming curves for these using the 
same techniques that you have used previously. 
Note and discuss any differences that may 
appear in the different substances. 

Is there any significance to the fact that 
one or more of the substances investigated may 
h'V;o little or no plateau, while others may 
present a ;^elatively longer plateau as they are 
plotted on the graph? Explain the reasoning 
for the choice you make. 

Do you think that there would be any 
marked changes in either the cooling curve or 



The following graph 
iridicatea one set of values 
for paradichlorobemene . 
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2 3 4 5 6 
TIME iN MINUTES 



Varying the number of 
yrarn,^ of material would not 
cause any significant change 



EKLC 



151 



116 in the ciATVe except that it 
may become more gradual. The 
length of the plateau (hut 
not its height) would be 
affected because of the fact 
that a longer time would 
result from the greater 
amount of mass to be either 
melted or solidified, 

A cooling curve that h 
little or no plateau indioa. 
that it has no freezing point 
L)ithin this temperature range. 



Equipment Materials 
beakers 
thermometers 
capillary tul>es 
chemicals 
rubber bands 
stirring rods 
clamps 
corks 

ring stands 



^ Melting Point 




Thermometer 



the warming curve if you were to vary the 
number of grams of material used 1n each case? 
Explain your choice. 



P.4.d. Experiment: MICRO-MELTING POINT 
For convenience, melting points are 
usU'il -y determined on very small quantities of 
sample. A melting point tube can be prepared 
from glass capillary tubing. Heat a capillary 
tube in the middle until it melts. Pull the 
two pieces apart and seal one end of each 
piece in the flame. Crush a small piece of 
paradichlorobenzene and scoop up the powder 
into the open end of one of the tubes. Care- 
fully tap the sealed end of the tube against 
the desk top. The powder should fall to the 
bottom of the tube. A column of material about 
3 to 5 millimeters high packed in the bottom 
of the tube serves as the melting point 
sample. Attach the packed tube to a thermometer 
with a rubber band so that the sample is next 
to the thermometer bulb. 

Suspend the thermometer with the melting 
point tube attached to it in the center of a 
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beaker half filled with water. Slowly heat and 

« 

Stir the water while observing the sample. Re- 
cord the temperature at which liquid first 
appears arH the temperature at which the last 
bit of solid dlsaopears. These two temperature 
^^eadings define a melting point range for para- 
dichlqrobenzene. We will use this micro- 
melting point method to identify an unknown. 
Obtain an unknown from your teacher, me un- 
known will be one of "-he substances listed 
below. Identify it by Its melting point. You 
will want to make several melting point range 
determinations. The most accurate results will 
be obtained when the water bath temperature is 
rising by about 2 degrees per minute while the 
sample is melting. 

Camphene 42° 
Paradichlorobenzene 53° 
Maleic anhydride 56° 
Naphthalene 80° 
Acetamlde 82° 
Citraconic acid 9r 
Citric acid hydrate 100° 
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Equipment and Materials 
ring stand 
clamps 
test tube 
thermome ter 

alcohol or bunsen burner 
'roiling chips 




THERMOMETER 



LIQUID SAMPLE 



ALCOHOL LAMP 



Figure D.6 



.'h'*', ,:-ifc a>id hail 'it 



D.4.e. Optional Experiment: BOILING POINT 
DETERMINATION 



If a substance boils at a convenient 
temperature we can determine the boiling point 
with the simple apparatus shown. The boiling 
point temp^ c rure is another useful physical 
property. 

Place approximately two cm. 3 (ml,) of 
water in a test tube and suspend a thermometer 
so that the bulb is two to three centimeters 
(about one inch) above the surface of the 
liquid as shown. Add a few small chips of 
porcelain to insure even boiling. Now gently 
heat the liquid. The liquid will boil and you 
should be able to spot liquid on the wall of 
the tube formed by condensation. Gently heat 
so that the condensation takes place about 1 
cm. above the thermometer bulb. When the 
temperature is no longer changing record the 
boiling point. Do not heat the tube so hot 
that vapor escapes from the tube. 
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D.5. SOLUBILITY: ANOTHER METHOD FOR 
CLASSIFYING 

There are many times in our lives when 
we add a solid to a liquid and the solid seems 
to disappear. Sometimes there is no visible 
change other than the '^disappearance'* of the 
solid. If we mixed sugar and water in a glass 
the sugar would seem to disappear. However, if 
we tasted the water it would be sweet. Since 
water alone is not sweet, and sugar alone i_s 
sweet we could conclude that the sugar is mixed 
throughout the water giving it a sweet taste. 
If we mixed Kool-Aid and water we would actually 
see the coloring mix throughout the water. A 
solid mixing throughout a liquid in this manner 
is soluble and dissolves and the resulting 
combination of solid and liquid 1s called a 
solution. The solid is called the solute and 
the liquid is called the solvent. We could also 
obtain a solution by dissolving one liquid in 
another. In this case the liquid present in the 
least amount would be called the solute. Gases 
can also dissolve in liquids to form solutions. 

There is often some limit as to how much 
solute can dissolve in a given amount of a 
particular solvent. It Is possible to add more 
solute to a particular solvent than can dissolve. 
If no more solute can dissolve the solution is 
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Equiprnent and Materials 
tcct tubes 

junmed paper* labels ov 
rjlass marking pencils 

I fiances 

sodium chloride 

sodium nitrate 

caLcium carbonate 

>rnnonium sulfate 

pnfaasium acetate 

I iper to use on bal^vice 
pons (*) pieces /student 
bean) 



said to be saturated. Terms Introduced so far: 
dissolve 
soluble 
solution 
solute 
solvent 

saturated solution 
Substances can be classified according to 
how soluble they are in a particular solvent. 
If, for instance, a thousand grams of a sub- 
stance dissolves In 100 ml. of water, we would 
classify the substance as very, very soluble in 
water. On the other hand if 0.0001 gram of a 
substance was all that would dissolve in 100 
ml. of water we would classify the substance as 
insoluble. Of course, the substance is not 
totally insoluble, but for all practical pur- 
poses it is insoluble. We will arbitrarily 
call anything insoluble if no more than 0.1 
gram will dissolve in 100 ml. of water. 

D.5.a. Experiment: CLASSIFICATION BY 
SOLUBILITY 

Place one ml. of water in each of five 

test tubes. Label the tubes sodium chloride 

(NaCl), sodium nitrate (NaNO^)* calcium 

carbonate (CaCOs), ammonium sulfate ((NH4)2S04), 

potassium acetate (KCH3CO2). First place a 

piece of paper on the balance pan and weigh it. 



Record the weight. Add one-half gram to the 
weights and then place the chemical you are 
weighing on the paper until the beam balances. 
If you add too much chemical adjust the weights 
until the beam balances and record the weight. 
If you get more than one-half gram It will not 
matter. Use five pieces of paper to weigh the 
five chemicals in this manner. Be sure to 
label each of the five pieces of paper. 

Add a small amount of sodium chloride to 
the water in the test tube labeled sodium 
chloride, using your scoopula. Repeat the 
procedure by adding a small amount of each 
chemical to the appropriately labeled test 
tube. Would you classify any of the chemicals 
as insoluble? 

Continue adding small amounts of each 
chemical to the appropriate test tube until 
each solution is saturated. You may need more 
than one-half gram some of the chemicals in 
order to make the solution saturated. Keep a 
record of the weight of each chemical needed 
to achieve a saturated solution. 

Classify the five chemicals as insoluble, 
moderately soluble, very soluble and very 
very soluble . 
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rf students arc required 
to ve^iord solubilitios in 
gm/100 ml^ this exper-iment 
will be a more helpful prelude 
to D.S.b. From a series of 
such recordings they might 
establish some quantitative 
limits for "insoluble^ mode- 
rately soluble^*^ etc. 

Their findings may be 
checked against values in the 
Handbook of Chemistri/ and 
Physics . 



HfiL4fjmJnl and Matcx*ialii 

N( )n -expondab L c : 

1 (ix^aporatincj dish per 

ctudent 
1 250 ml pyrex beaker per 

student 
5 ISO ml pyrex beakers for 

the saturated solutions 

1 iHre screen with asbestos 
center per s'tudent 

2 tripod per student 
2 bunsen burner per 

student 
1 striker per student (or 
matches if you want to 
dig them out of the 
r>inks) 

1 -20 to 110^ centigrade 
thermometer per student. 

Expendable : 

1 lb K2Cr,^0'^ (assuming 
ai'out b^data points per 
claas); technical grade 
i.c okay. 

If students do this ex- 
pcrimt^nt as a class ^ check 
the thermometer they use for 
accuracy. 

}. vAfrjRAJING Di^H 




Fi'jure D. 7 



D.5.b. Experiment: TEMPERATURE VERSUS 
SOLUBILITY 

In this experiment, a saturated solution 
at a given temperature is evaporated to dryness 
From the weight of the residue, the solubility 
in grams per 100 g of water can be calculated. 
Others in the class may be performing the 
same experiment at different temperatures. 
Share your data. You will need the solubility 
of a substance at many different temperatures 
to make a graph of solubility as a function of 
temperature. Such a graph is called a 
solubility curve. 

Within a class, make several saturated 
solutions of potassium dichromate at tempera- 
.tures ranging from 5° C to 90° L Pour about 
20 ml of one of the saturated solutions into 
a clean, dry evaporating dish. Carefully 
evaporate the solvent. Let the evaporating 
dish cool and then re-weigh it. Repeat this 
process until constant weighings are obtained. 

Now pour about dO mi of another saturated 
solution at a different temperature into a 
clean, dry evaporating dish and drive off the 
solvent. Continue using saturated solutions 
at different temperatures until you and your 
fellow students have enough data for at least 
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five points on your graph. After you have made 
your graphs carefully discard the residue and 
wash the evaporating dishes and your hands. 
Potassium dichromate Is poisonous. 

Can you predict from your graph the 
solubility of potassium dichromate at a tem- 
perature you did not use? How many grams of 
potassium dichromate will dissolve in 1 ml of 
water at 60'' C? Can you assume the same sort 
of graph is typical of the solubilities of all 
substances? 

If you have additional time, your teacher 
will show you how to use The Handbook of 
Chemistry and Physics to make solubility curves 
for other substances. 



Remind etudente alwaya 
to be aertain there is some 
solid in the bottom of their 
bedkere to insure that the 
solution is saturated. 

Caution students to weigh 
the evaporating dish itself 
first. 

To save time^ the teacher 
could have a series of solu^ 
tions prepared for class use. 

It is possible to predict 
the solubility of potassium 
dichromate at a temperature 
he or his fellow students do 
not use. It can be done by 
either interpolating or 
extrapolating. A ''read-out" 
f^om the graph should show a 
solubility of 40 g of potas- 
siwt dichromate per 100 ml of 
water at 60PC* It will be 
difficult for a student to 
answer the question, "Can you 
asswte the same sort of graph 
is typical of the solubilities 
of all substances?" From the 
experiments he has already 
done and the solubility curves 
he has already seen, he may 
jump to the conclusion that 
solubility always increases 
with temperature. Experi- 
ments D.S.c, and D.S.d should 
prove to the student that not 
all substances increase in 
solubility as temperature 
increases. 

Students can find data 
in the section "Solubility 
of Inorganic Compounds. " 



124 



The student graph 
should look similar to the 
one below. 
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Solubility Curve for Potassium 
Diakromate 




20 40 60 80 100 
TEMPERATURE IN X 



Another alternative 
would be to use sodium ahro- 
mat<^., which has a most un- 
usual solubility curve, in 
pljce of potassium dichromate. 
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D.5.C. rxper'fnent: THE EFFECT OF 
TEMPERAifJRE ON SOLUBILITY 



This experiment and the 
next are supplemental. 
Probably few students will 
have time to do them. 
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In previous experiments, the substances 
you worked with were more soluble In hot 
water than In cool water. In other words, 
the solubilitv Increased with an increase in 
temperature. 

Prepare 20 ml of a saturated solution of 
calcium acetate at room temperature. Now 
heat the solution carefully. Do not let it 
boil. Do you think the solubility of calcium 
acetate increased with an increase in tem- 
perature? Could you make a solubility curve 
for calcium acetate? If you have time, do 
so, and note how it compares with the 
;^olubility curves you have already studied. 



The solubility of Ca 
(CH^C00)2 decreases with in- 
creasing temperature. It is 
an exception to the solu- 
bility patterns the student 
has Observed in D.S.b. 



Answers to Questions 

The solubility evidently 
decreases with increasing 
temperature^ because a 
precipitate forms when the 
satwrated solution is heated. 
It is possible to make a 
soliibility curve by starting 
with a saturated solution 
at a low temperature and 
drawing off portions of the 
supernatant liquid at various 
higher temperatures. 

The solubility curve 
your students make should be 
similar to the one on the 
next page. 
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Solubility Curve for 
Calcium Acetate 
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I'lqu-'prrtcnt and Materials 



Non-rxpundable : 
rtTrnp. ar, D. S.b. 

h'xpt^ridabLn : 

1 lb Ca (CH^COO) ^.H^O 

(assuming about 5 data 
points / class ) ; techni- 
cal grade is okay. 
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D.S.d. Experiment: THE EFFECT OF TEMPERATURE 
ON SOLUBILITY 



In previous experiments, the majority of 
the substances you worke*d with were more soluble 
in hot water than in cold water. In the case of 
calcium acetate, however, you discovered the 
solubility decreased with i xreasing 
temperature. Now let's investigate a "real 
strange one.'^ Determine the solubility of 
sodium sulfate over a range of temperatures, 
10** C to W C. Make a graph of your data. 
Use The Handbook of Chemistry and Physics and 
try to explain your graph. 



Equipnent and Materials 

Non^expenddb le : 
Same ae D.S.b. 

Expendable: 

1 lb. Na^O^.20 H^O 

(assuming about 5 data 
points per class); 
technical grade is okay 
or Na^SO^.? H^O. 

The graph below should 
be similar to the ones pro-- 
duced by students. 




SOLUBILITY OF Ato^SO • 
2 4 
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We suggest the use of 
Na^SO^.20 H^O. Na^SO^. 7 H^O 

may be used but the results 
will not be as dramatic. 
The solubility curve for 
Na2S0^.10 H^O presents a 

singular feature. It rises 
rapidly in a normal Day, but 
above a certain point it 
falls. An examination of 
the solids above and below 
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this point shows they are not 
the same. Below this point 
the solid is Na^SO^.lO HO, 
while above this point it is 
the anhydrous salt M^SO^. 
Sharp breaks like this in a 
solubility curve always 
suggest some chemical change . 
in the solute. 



Answers to Questions 

If the students check in 
The Handbook of Chemistry and 
Phifsias^ they may discover 
that the first part of the 
curve demonstrates the 
solubility of Na^SO^.lO H^O 
and the second part of the 
curve demonstrates the 
solubility of Na^SO.. 
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D.6 ExperliTJent: FLAME TESTS FOR 
CLASSIFICATION 

When things burn, the flame often has 
pretty colors 1n 1t. These flame colors might 
be useful for classification. In order to 
determine how flame colors might be useful we 
will burn a number of different chemicals and 
look for significant tidbits of information. 

Obtain a piece of ni chrome wire with one 
end connected to a handle and a small loop in 
the other end. Heat the looped end in a flame 
and note any change in the flame. col or. If 
the flame is highly colored hold the wire in 
the flame until it is hot and then dip it into 
a small dish of hydrochloric acid- Heat again 
and note the color of the flame. If necessary 
repeat the process until the wire glows but 
does not give more than a faint yellow color 
to the flame. 

Alternate Instructions : If the class is pro- 
vided with a different piece of wire for each 
chemical it is not necessary to clean them. 
You must, however, be careful not to use a 
wire for more than one chemical. 

Now dip the wire into some potassium 
acetate (KCH3CO2) and then hold it in the 
flame. Record the color, in describing 

EKLC 
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Equipment and Materials 

Niohrome wires with loops 
Bunsen burners 
Calcium chloride 
Copper chloride 
Copper nitrate 
Lithium chloride 
Strontium chloride 
Strontium nitrate 
Sodium chloride 

Alcohol burners do not 
provide enough heat for flame 
tests. Bunsen burners are 
necessary. 
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Equipment and Materials 

same aa D.6 with addition 
of cimple gt*ating apec" 
troBoopea^ plua pieoea of 
blue and green glaaa 

ntudenta ahould be pro- 
vidnd ij2 th a piece of blue 
>jlai)3 cpid a pi('.oe of green 

Vicihle color of ca^h 
'ihomijal uill depend upon its 
jrtati ' * I/. All Qubatanaea 
will give' tha oharaataristia 
flame tent if the temperature 
ia high unough. There arc 
limits to thn nwnber of 
chnmirj,ilr> that can he uccd to 
diatinguiah th(^. aharaatoria- 
tic anlcr. Dom ahemiaaio 
wilt not giv*j a character iatio 



colors exercise your writing skill as well as 
your imagination. Repeat this procedure using 
potassium chloride (KCl) and again record the 
color. Can you make a guess about what was the 
direct cause of the color? 

Repeat the process for the following 
chemicals and record the flame colors obtained. 

Calcium chloride 

Copper chloride 

Copper nitrate 

Lithium chloride 

Strontium chloride 

Strontium nitrate 

Sodium chloride 
Examine your data and state how flame 
tests may be used for classification. 

D.6.a. Experiment: ANALYSIS OF COLORS 

The use of the flame tests is limited in 
some cases by our ability to describe the 
colors. Clearly, we need a method for 
dnalyzinr) mixtures of colors, "^hero dro S"V*^rn 
tools useful for the analysis of mixtuies 
colors. One simple c'/vlce known as a gratinq 
spectroscc,;e» spreads out the various colors 
In 11q^t so that the eye can readily see 
slight difference. A soap bubble or a ylnss 
prism can do the same thing. 
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Using a hand held simple grating 
spectroscope repeat the flame tests. 

Try to reproduce the arrangernent of lines 
obtained from each chemical. Also note the 
colors and their relative intensities The 
arrangement of lines is called a spectrun, 
(plural: spectra). 

Examine your spectra reproduction now 
and state how flame tests with a grating 
spectroscope can be used for classification. 



color in^a Bunaen flame be^ 
cause the tempeTature is 
not high enough. 
Violet 

Potassium compounds — 
Purple red through blue glass. 
Easily obscured by sodium 
flame. Bluish green through 
green glass. 
Blues 

Azure — Copper chloride. 
Copper bromide gives azure 
blue followed by green. Other 
copper compounds give same 
colorization when moistened 
with hydrochloric acid. 

Light blue ~ Lead^ 
arsenic^ selenium. 
Greens 

Emerald Copper com^ 
pounds except the halides, 
and when not moistened with 
hydrochloric acid. 

Yellowish — Barium 
compounds. Some molybdenum 
compounds. Borates, especi^ 
ally when treated with 
sulfuric acid or when biumed 
with alcohol. 

Pure Green — Compounds 
of thallium and tellurium. 

Bluish — Phosphates 
with sulfuric acid. 

Very faint — Antimony 
cofnpowidrt. Armonium com- 
prundr. 

Wrvitish — Zin^. 

C irmine L!t^::uri .vw- 
p'jundn. Viclct thv^ujh rlui 
:j:ina. InviQibh ^hrjugh 

I <rn flame. 

Hue (i^a^o. Yt'Llji'i ijh tnr 
jr^^en jlisc. Manned tu 
t avium flainn. 

Yi-.llowieh — Calciur'i 

;n* 'i K Mat^kt' 1 by 
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All sodium compounds. 
Invisible with blue glass. 

A moTe sophisticated 
version of color analysis 
may be possible if you have 
access to gas discharge 
tubes • 



D.7, - ORGANIZING AND RETRIEVING DATA 



We have been learning how to study several 
physical characteristics of chemicals. Be- 
cause we used only a few chemicals and 
determined only a few characteristics we were 
never overwhelmed with data. Even so, the data 
we obtained is now spread out over a number of 
pages of paper. Some of the data is home, 
some is in another room, and some has been 
covered with mustard and relish and been eaten. 
If we were going to gather any more data there 
would be a good chance we would also lose some 
of it or at least not have it around when we 
needed it. Even if we had it around it would 
take us a while to find exactly what we needed 
at any particular time. Clearly data needs to 
be organized and some attention must be qiven 
to the need for retrieving it at a later date. 

There are over two million different 
chemicals known now. If we had several physical 
properties of each of them we would have 
around five million bits of information. Let's 
see how we could organize this mountain of 
data. 

The first organization scheme to come to 
mind would probably be the handbook method. 
The compounds would each have a name, and we 
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would list them alphabetically and record the 
data on each of them i": columns following the 
name. If we wanted to locate data on a parti- 
cular chemical we would only need to locate the 
chemical by name. However, If we had the 
melting point, density and/or solubility of an 
unknown chemical and wanted to Identify the 
chemical, this organization scheme would not 
be very useful. We would have to go through 
pages and pages of data and would probably get 
ill long before we found what we were looking 
for. 

In view of the above problem we might 
need to make a list of the chemicals in order 
of increasing melting point, a second list in 
order of increasing density and so forth. What 
a job! At this point someone might suggest 
that we really need some kind of computer. 

We can build a small mechanical data 
processing machine to see how one works and how 
it could be of use. Our machine will have a 
memory (data storage) and will be able to 
answer yes or no to any question we ask it 
about the data in its memory. Usinq our 
machine will be like playing "twenty 
questions . ' 
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D.7.a. - BUILDING A PUNCH CARD MEMORY 
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Punch cards come in different sizes with a 
variety of arrangements of holes. They are all 
the same in principle, though. A typical card 
shown below has four sets of holes. 



2l2^2 2l282SlgS2SlSSSSl8gSSl898?l??9?l??9? lg\ 



so 

b 



OS 



NAME OF CHEMICAL. 

FORMULA 

DENSITY 



MELTING POINT. 
COLOR 



SOLUBILITY. 



OTHER INFORMATION. 



o 

o o 



'.. o o 
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Figure D.8 

The holes in the row across the top are simply 
numbered consecutively one to thirty-three. 
Along the left side of the card the holes are 
designated to L^g- Along the right side 
they are designated R] to R12 ^nd the bottom 
holes are Bi to B33. The first task in usinq 
the card is to decide a code so that each 
of the four rows of holes corresponds to a 
different physical che. actrristic. Then /hj 
holes themselves in each row are coded b^- 
correspond to some value for the ph>.Jcal 
characteristic designated hy the row 



For example, let's code the row of ro'es 
on the left (L^ to 1^2) solubility. 



Insoluble (less than 0.1 gr./IOOml.)-^ 
Less than I gr./ 100 mi (slightly soluble)-^ 

1-4.9 > 

5-9.9 > 



f 



gr./IOOml. 



10-19.9- 
20-399- 
40-59.9- 
60-79.9- 
80-99.9- 
100-149.9- 
150-199.9- 



More than 200 gr./IOOml. 



Figure D.9 
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If the particular chemicrl is soluble to the 
extent of 35 gr per 100 ml of water at 25 
oegrees centigrade we would ' '.ore this data 
in L6 (20-39.9 gr/100 ml). To store the data 
we cut a slot between the hole in the card 
and the edge of the card as shown on the 
following page, 



172 



How can a punch card answer yes or no to 
a question about the solubility of the 
corresponding chemical? We ask the question, 
"Is the chemical insoluble?" We do this by in- 
serting a needle into the hole. The card 
Is stuck on the needle and this means "no/' 
Next we might ask, "Is the chemical slightly 
soluble, 1 gr/lOO ml or less?" by inserting 
the needle in L2. Again the card is stuck on 
the needle and the answer is "no." Eventually 
we would get to L5 and ask, "Is the chemical 
soluble in the range 20-39.9 gr/100 ml?" The 
card would fall off the needle because of the 
slot we cut. This is a "yes" answer to our 
question. If we had a hundred cards, each 
corresponding to a different chemical, the 
method described above would allow us to 
simultaneously ask the same question about 
one hundred different compounds. Several cards 
might fall off the needle, indicating that 
more than one chemical has the solubility 
correspondinq to Lg. 

We could think up several different sys- 
tems that would v;ork. It will be easier if 
we all use tho Sri:iie system. 
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■Above 10.00 gr./ml. 
9.00-9.99^ 
8.00-8.99 
7.00-7.99 
6.00-6.99 
5.00-5.99 > gr./ml. 
4.00-4.99 I 
3.00-3.99 
2.00-2.99 
1.00- 1. 99 J 
Less than 1.00 gr./ml. 
Density not known 



Figure D.ll 

The next physical property to tabulate will 
be density. Let's use the R holes as shown. 

We could use some of the top holes for 
melting point data, but we actually do not need 
many holes for this purpose. The use of the 
bunsen flame temperature as a dividing line 
is a convenience just as the boiling point of 
water (100° C.) has become an arbitrary 
dividing line. The temperature of the bunsen 
flame is approximately 1100° C. 
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MELTS IN BUNSEN FLAME 
BUT NOT IN WATER BATH 



DOES NOT MELT 
IN BUNSEN FLAME 



MELTING POINT 
NOT KNOWN 



COLORED 



IT 





MELTS BETWEEN 




50" AND lOO'C 



s]f -]/ ^ s\/ ^ 



MELTS BETWEEN 
ROOM TEMP, a 49* C 



MELTS BELOW 
ROOM TEMP 





?g22l29X?l9???l???? 


0 O 1 


1 


so 
So 

JO 

So 
So 

So 

^O 










O 
0 o 



Figure U.12 



We have lots of holes left to use for 
various purposes. If a chemical is not white 
or colorless we could indicate on the memory 
that it is colored and write the color on the 
card. This might be very useful. Let's use 
:iole number 9 to answer yes or no to the 
r esti.on, "Is the chemical colored?" We can 
writ^ mdny tidbits of information about the 
chemical on its card. These tidbits might be 
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useful if we searched a deck of cards for a 147 
chemical with a particular set of properties 
and found two or more cards answered "yes" 
to all our questions. 
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CODE SUMMARY 

TEMPLATE 



mis l^ ms& fim 
BUI m mm b^ih 



Think about using the extra holes to code 
more informatiori. 

Hint: If everyone in the class is assigned a 
S niiinber, then the coder of each card could be 
easily identified. 



ms HOT m 
iHsmEfimi'i 



I — 1 



mim pom 
m mm 



soimLiTf mm 
iH moo Hi 

less t/mn O.M 
lessffiflfi 1—^ 
iO • 4.9-> 
5.0 - 9.9--> 
fO,0-l9.9--> 

40.0 -bS.S-^ 

S0,0-SS,9-^ 



mm 



r- -1 



[■ 1 1 



000 

o^iv 



mmnmmmmimi^m 



0 



r r 



Or 

o*? 

O-if 

0«f 
Ot^ 

03 
01 
Ot: 

0^5 



[ or CHEMICAL. 

FORMULA 

DENSITY 



MELTING POINT. 
COLOR 



SOLUBILITY 

OTHER INFORMATION. 



So 




oboi/e fO 
^-9,!)0 - 9.99 
'8,00-8.99 

-6,00-6.99 
5.00-5,99 
f4,00-4,S9 

a.oo-2.ss 

(:l.OO-iSS 
Oessf/iflfiiOO 
. deisify fiof A/iow 

Figure D.IS 



You can lay your card over the suwry card to identify the holes which are to be used. 
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D.7.b. - PREPARING A DECK OF CARDS 
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Equipment and Materials 



We are going to prepare a deck of punch 
cards containing the Information given In a 
handbook type of data storage system. Use the 
handbook section for this experiment. The Code 
Sumary we have developed In the preceding 
notes will serve as a template. The teacher 
will tell you how many decks the class will 
prepare. Each student will prepare some cards 
for the decks by cutting the appropriate slots 
for a chemical. Be sure to write the name of 
the chemical and the other data directly on 
the card. 

When the deck is done make a sorting 

needle from stiff wire and a rubber stopper. 
RUBBER STOPPER 




STIFF WIRE 



Jam a stiff wire into the rubber stopper. Now 
test the deck by inserting the wire into hole 
I2 and fan the deck along the wire. Make sure 
all the cards are arranged with the no^-ch in 
the upper right corner. One card, calcium 
sulfate, should fall from the deck. Now try 
hole number two along the top. Two cards should 
fall out, lanthanum nitrate and calcium iodide 
hexah/drate. 



sctssora 
punch cards 
HrmdLwok 

stiff wire (liko coat 

hangers) 
rubber stoppers ^ no* S 

We have found McBee cards 
KsS371N satisfactory and 
economical. The cheapest 
key sort cards on the market 
are too flimsy to be practical 
for this use. 

The classroom should 
have four or five decks of 
completed cards. Each class ^ 
however^ need not prepare all 
five decks. For the expevi^ 
ments utilizing the decks ^ 
pool the decks from all the 
classes taking the course. 
You will have to decide in 
advance how many decks you 
Want each class to prepare 
and therefore how many 
chemicals each student will 
prepare a card for. There 
are 56 chemicals in the 
Handbook. If a class pre- 
pares 2 deckss (2 x 56 = 112) 
112 cards will have to be 
prepared. 

A dissecting needle can 
be used for sorting the 
cards if you are willing to 
risk the danger involved L'ith 
the sharp point. 
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Vlacc thf' unknoun 
<^hrmLnal3 cilx^ut the room iHth 
thn punch ho r\xnge of the 
'Irnrity given. 

The following is a sug- 
gested list of chemicals 
t'^iat can be used as unknowns. 
You may substitute any com^ 
pound you want, provided a 
punch card has been prepared 
for the. chemical. 

Lr.ii Chromate 

P(':nsity >5<C? 

Solubility - insoluble 

:\r. - 844^0 

(>lor - bright yellow 
silver bromidr r.amc 
cpeos except color 
is pale yellow 

Ch'^nii-al B 

Paradi chlorobenzene 
r.:nsityyiC2 
'•>!or - white 
M.P. - 53^\ 
i'olui ility - insoluble 
iVaphthalenc sane 
:ipecs excevt rLP. 
is 8(PC 

Chen'y^al C 

3tr^yitium chloride 
iMnsity <CJ 
L'jior - whitp. 

l-ibility - ^;;>.8/g/100 
nl. 

Flame test crimson 
for Sr 

i^'^wmfcal D 

Copper (T) chloi ie 
Prnrity > l 
M.P. - 4Z0^C 
r;clubi.l:ty - .12 rj/700 
ml . 

Color - white 



D.7.C. - IDENTIFYING UNKNOWN COMPOUNDS 

In this experiment you will be given un- 
known chemicals. You are to Identify the name 
of each chemical by using the punch cards and 
the characteristic tests of solubility, 
density, color, melting point and flame tests. 

The density of each compound will be given 
within the range of the punch card. When you 
test for solubility determine if the sub- 
stance is slightly soluble or very soluble. 
If slightly soluble, find the solubility in 
100 ml of water. If very soluble, find sol- 
ubility in 10 ml of water. 

Write the name of the unknown compounds 
on a separate sheet of paper. 
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Chemical E 

Calcium chloindc 
Density^ 2 < J 
Color - white 
M.r. - 773<^C 
Solubility 8?. gr/100 ml. 
Flame test - yellow - 
red 

Sodium nitrate, 
lithium chloride J 
aimonium bromide , same 
specs except different 
flame tests 

Chemical F 
Lead Oxide 

Density >5 CIO 
M.P. - SOO^C 
^Solubility - insoluble 
Color - red 

Chemical G 
Potassium acetate 
Density >J <2 
M.P. - ?92<^C 
Solubility - 269 gr/100 
ml. 

Color - white 

Chemical h 
Potassium chloride 
Density yi<^ 2 
M.P. - 7760C 
Solubility - ZS.6 gr/ 

lOOml. 
Color - white 

Chemical I 

Sodium bicarbonate 

Density > 2<3 

M.P. - 270^C 

Solubility - 10.2 gr/ 

' 100ml. 

Color - white 

Flame test - yellow 
Potassium sulfate same 
specs except flame 
test 



Chemical J 

Sodium chloride 
Denoity^ 2<^2 
M.P. - 801<^C 
Solubility - 35.5 

gv/lOOml. 
Color - white 
Flame test - yellow 
Potassium dihydrogen 
phosphate same specs 
except flame test 

There are many possible 
extensions of this experiment. 
If time permits you can add 
more chemicals. You could 
utilize the unused holes 
along the bottom to identify 
the^student preparing the 
ca2*a. You could make up 
problems J like HDL number 
twelve y which are game like. 
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NAHE FORFiulA density HELTING POINT SOLUBILITY NOTES 

(gr/oii) • CO (gr/ioyn^o) 

Example: 

Oysprosiuni chromate 072(^4)3.10 not available 150" 1.002gr/100 ml H2O yellow 

(Notch hole ('totch hole 4 (notch hole L3) (Notch hole 9 
M on top) on top and 

write yellow 

on card) 



Acetaniide C2H5NO 1.2 82" 100+ 



Alyminuni nitrate A1(N03)3.9 H2O Not available :3.5" 63.7 



Aluminijir oxide AI2O3 3.965 2045" insoluble 



Anoniuin bronide NH^Br 2.429 not available 97 

(subliines) 



CaJitiium fluoride CdF2 6.64 IICO" 4.35 



Cadmium hydroxide Cd(0H)2 4.79 300° insoluble 



Cadmium iodide Cdl2 5.67 387° 86.2 green-yellow 



Calcium bromide CaBr2 3.33 180" 153 



Calcium carbonate CaC03 2.93 520" insoluble 



•J 
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NAHE FORMULA DENSITY MELTING POINT SOLUBILITy NOTES 

(gr/m1) (^C) (gr/lOOml HgO) 

Calcium chloride CaCl2 2.15 * 82 



Calcium iodide U\M 2.55 42" 757 yellow 

hexahydrate 



Calcium sulfate CaSO^ 2.96 1450" 0.2 

approx. 

Cesium bromide CsBr 4.43 636" 123 



Chromium chloride [Cr(H20)4Cl2i.2H20 83" 58.5 violet 

hexahydrate 1.76 



Citric acid hydrate C6H3O7.XH2O 1 .5 70-75' 62+ 

Cobalt fluoride C0F2 4.46 1200" 1.5 pink 

approx. 

Copper (I) chloride Cu2Cl2 4.14 430" 1.52 

Copper (II) v.lfate CuSO^ 3.60 650" 21.8 green 

Iron (III) carbonate FeCOa 3.8 not available insoluble gray 

Lanthanum nitrate La(N03)3.6H20 not available 40" 151 



Lead chromate PbCr04 6.12 844' insoluble yellow 



llERiC 187 



'^'^"^ « DENSITY MELTING POINT SOLUBILITy 

(gr/ml) (O'C) (gr/lOOml H2O) 

^^^^^^'^^ 9.1 500' insoluble 

Lead sulfate PbSO^ 6.2 112' insoluble 

Lithium bromide LiBr 3.46 547" 151 

Lithium chloride LiCI 2.07 614" 84 

Maleic anhydride C4H2O3 1.5 56» 16 

Naphthalene C|qH8 1 .15 80' insoluble 

Neodymium bromate Nd2(Br03).18H?0 not available 67' 146 

Paradichlorobenzene i^Wif]^ 1.45 53' insoluble 

Platinum tetrachloride PtCl4 4.3 370» 59,7 

Potassium acetate K C2H3O2 1.57 292' 269 

Potassium bromide KBr 2.75 730' 67.7 

Potassium chloride KCl 1.98 776" 35.6 



Potassium di hydrogen KH2PO4 2.34 253' 33 

phosphate 



H 

er|c 



Potassium molybdate \'M^ 



2.91 



919c 



184.6 



Potassium phosphate K3PO4 



2.56 



1340° 
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Silver ritrate 



A9NO3 



4.35 



2120 



245 



Sodium bicarbonate NaHCO] 2.16 



270° 



10.2 



Sodium chloride NaCl 



2.16 



80r 



35.9 



Sodi'jm hydrogen NaHSO^i 
sulfate 



2.44 



not available 28.6 



01 
0 



FORMULA 



Potassium iodide U 



3.13 



HELTING POINT SOLUBILITY 
(gr/lOOffll H2O) 



686° 
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NOTES 



Potassium sulfate 
Silver bromide 



2.66 



6.47 



not available 12 



432= 



insoluble pale yellow 



Silver chlonde AgCl 



5.56 



455° 



insoluble 



white, turns 
dark in light 



Silver tri hydrogen l^'^^h^^ 5.68 
paraperiodate 



60° 



1.68 



yellow 



Sodium iodide 
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3.67 



65V 
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FORMULA DENSITY MELTIfJG POINT SOLUBILITy 

(qr/ml) [%) (gr/lOOm] H2O) 



Sodium nitrjte Mh 2.26 30r 92.] 



Strontium bromide SrBr 4.22 643' 107 

2 



Strontium chloride SrCl^ 3.05 873° 55.8 



Thai! iufn aluminum T1A1(S04)2.12H20 2.3 91° 11.8 

sulfate 



Thallium iron (III) TlFe(S0J,.12Ho0 2.35 .100° 36.2 pink 

sulfate ^ 



Thallium nitrite T1N02 not available 182° 32.] yellow 

Tin (II) sulfate SnSO^ not available not available 33 yellow 

Zinc acetate dihydrate Zn(C2H302)2.2H20 1.74 100° 40 

Zinc chloride ZnCl2 2.91 283° 432 
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Select four students to 
r.nrve as ^^rftporters" in this 
experiment. All four will 
r,tc[> outsi'lc the room until 
called iyi. Reporter HI Dili 
''Xiimine a picture :v.^plicd 
I'li the teacher'. This re- 
pei^ter ukII pay (.dose 

t>:>itioyi to detiiil and ^oill 
f ru to remember as mi.ich as 
tir. c*./»' a} ■out the picture* 
i<ej^^orter H:l u)ill l^e called 

the room a>id will be 
oii.cn a ful ' description of 
the picture by r-^'porter nl. 
Neither reporter will be 
able to see the picture from 
where he stands; the descrip- 
tion will he done completely 
from memory. When he is 
through y reporter Hi may take 
his seat. Reporter H3 is 
then called into the room to 
get a full descripvion from 
reporter H2. The same pro- 
cedure is repeated until 
rr.porter H4 is ready to 
pass nn the description. He 
faces the whole class and 
describes what he remembers 
to a!l the students in the 
room. 

This works bent ify as 
icfi reporter is carrying 
'**fi. his tasky the rest of 
f'U: '^I'lss is ante t'> looP 
'if f.h.' r':*ture pro.jected oyi 

Whiln thr four Students 
rire ^.'ut the rocjriy instruct 
the '-rass to ke jp a record 
• f 'iKj changes in t>\e de- 
scri r^-icn as thej might 



E. COMMUNICATION 

E.l - Experiment: ORAL COMMUNICATION CHAIN 
You have been introduced to instruments 
which, by extending your senses, can help you 
collect information. You have been introduced 
to two methods of organizing that gathered 
data into useful categories. Suppose you per- 
formed^l^laboratory experiment to find an 
ansv;er to a question. How would you com- 
municate the results you obtained to others 
interested in the same question? Would you 
keep a record of all your observations in 
your head until someone asked for your 
findings? Some people pride themselves on 
their good memories. Do you? You will per- 
form a brief experiment with your classmates 
to see whether this method of communicating 
ideas is a useful technique for the scientist. 
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octJur. Omiesiona are as 
urrportrmt as verbal errors. 

To the question as to 
why these changes occur , 
students may bring in the 
ideas that preconceptions in^ 
fluence the descriptions and 
that J when details are hazy 
and the story^line gets 
rather thin, some people may 
embellish the description to 
make it worth listening to. 
Of course J stress the need 
to write down all significant 
lab observations on paper j 
preferably in a bound book 
to prevent future loss. 



An alternate experiment 
which demonstrates the diffi^ 
culty of oral cormunicationj 
but not the pitfalls of the 
chainj would be to use the 
entire class. Working as 
partners^ one looks at the 
picture on the overhead and 
describes it while the other 
draws what he heard described. 
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Ei]uipmi:nt and Materials 
I 3x5 envcLopc per 

student 
1 f'^onrnmicating Ideas 
kit for each six- 
etudtmt team 

The kit is madr up of 
one flat-fold cardboard })ox, 
about 4'' X S'' X 6'', and ten 
nonre cognizable objects 
obtaincdole as surplus or un- 
usabl-i? parts from the 
electronics classroom in any 
schnrl, electronics shops ^ 
local science and industry 
rrru^.eun, etc* The assortment 
of objects in a kit should 
include- look-al ikes, thereby 
drawing the student's atten- 
tion to sign: ficant dif- 
ferences in detail and cre- 
ating a reason for some dia- 
gram or measurements on 
the student's part. 

Standard measuring de- 
vices such as meter sticks 
and balances should be avail - 
ible upon request. 

Five teams of six stu- 
dents each will do. The 
team^s should not be told 
beforehand that the winning 
team is the team that wrote 
the descriptions that made 
the most correcit identifi- 
cations possib le . 

It will undoubtedly save 
ti.mr. if you read the students' 
iyistxmctions aloud in class. 

'live then 20 to 25 min- 
utes to examine the objects 
arA write about them. An- 
other 5 to 20 minutes may be 
yircd'-'i as they try to 
ident-^'fy them. 



E.2 - Exercise: COMMUNICATING IDEAS 

The purpose of this exercise ib for you 
to write a description of one object in a 
group of objects in such a way that a reader 
can identify the object from yaur description. 

Your team will be given a box containing 
ten small objects. Each of you is to examine 
all of them, then to choose one object and 
examine it more carefully (try not to let any 
of the students at the other tables see what 
you are handling). Now write down a descrip- 
tion of this object using the face of the 
envelope handed to you for this purpose. 
Return the object to the box. 

When each member on your team has 
finished, pass all your envelopes and the box 
of objects to the team your teacher 
designates. 

Your table will then receive a pack of 
six envelopes with descriptions written on 
them, plus a box of objects from another table. 
Take one envelope apiece and try to match up 
the corresponding object. When you think you 
have the right one, place it inside the 
envelope, put all six filled envelopes together 
and take them back to the table that passed 
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them to you. 

Your table will get back its envelopes, 
also ftlled. Check them and tally up the 
number of correct identifications. 




Suggested table (team) 
arrangement: 



B 



A 


passes 
to C 




B 


passes 
to D 




C 


passes 
to E 




D 


passes, 
to A 1 




E 


> 

passes\ 
to B \ 



In doing this sort of 
exercise^ the student should 
come to realize 

(1) the need for a 
standard; 

(2) the usefulness of 
conciseness in word 
description; 

(3) the need for making 
measurements; and particularly 

(4) the full use of his 
senses of sights touchy feel 

( temperature ) y etc. 



1 u V 



ERIC 



E.3 - OBSERVING A SYSTEM AS A SCIENTIST 



When you conduct a laboratory experiment 
on a living thing, you have the advantage of 
being able to vary one condition in the environ- 
ment in order to see how this change will affect 
the behavior of the organism. When you try to 
observe this organism in the field (its natural 
habitat), you may be able to learn more about 
its normal behavior. Here, however, you cannot 
regulate the conditions for your observations. 
For example, you may risk losing your specimen; 
while it is being observed, it may wander off 
into the brush and disappear. It is essential 
that any conclusions drawn about "normal" be- 
havior must be done on the basi:. of repetitive 
observation. This normal behavior we refer to 
is valuable to the laboratory experimenter and 
serves as his control as he proceeds to alter 
the environment in the lab and observes its 
effect, if any. 

One further point is worth noting here. 
A series of experiments or tests you run in the 
lab may give you reproducibility within a narrow 
range. You are correct to consider the re- 
sults reliable. But here again, as in the case 
of your depth perception tests in Chap. II, the 
results may not be valid outside the lab. 
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Merely imposing d laboratory environment on a 
living thing may be enough to modify its 
behavior. 

E.4 • Test: THE SOW BUG 

Refer to the list of observations you 
drew up in Experiment I. A. Could you add to 
this list if you were asked to observe a sow 
bug again? 

Once again observe the sow bug, which your 
teacher will put before you, but this time ob- 
serve it as a scientist might. Test your new 
techniques, maintaining an independent written 
record of every feature and activity of the sow 
bug which can be observed in one class period. 




Repeat the same physical 
arrangement as in Experiment 
I. A. This final task could 
be done as a laboratory test 
on this unit of Perception 
and Quantification, 

In addition to the pos- 
sible observations listed in 
Experiment I. A the students 
should be able to find 

(1) how much the sow 
bug weighs; 

(2) its linear dimen- 
sions; 

(3) its volume (by dis- 
placement of water); 

(4) possibly its aver- 
age density; 

(5) whether it makes 
any sounds; 

(6) how far the sow bug 
moves in a specific time span 
(come graphing) to determine 
its average walking speed; 

(7) whether it dis- 
plays any particular pattern 
of movement when under dif- 
ferent colored lights. (For 
this purpose you have been 
supplied with a box that has 
six windows cut in its cover. 
Four are covered with blue^ 
yellow, green and red trans- 
parent material. One window 
should be left uncovered; the 
other could be used for trials 
with different color 
combinations. ) ; 

(8) whether it reacts 
to bright light; 
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(U) wh:thrv it i'raoti\ 
.^f.Jirv ill (jt iyi<*t. lumyhu'., 

Thr r.!.u<.!r>itr. nuvj t hj'nk 
nf n iny at hen;. You may find 
c>^;.-^ period is not e>iou(jh time 
to vioi this test. 



: -H' • I \ s r •;' hlr Cr iteria 

(I) ilum}>nr of olsrvvu- 
' *.'>•.•• '^ap'. 

(::) ywrh':r of scnru:s 
(i-!<i the i'tud-'nt use 
,r-'. f-Hich oy temj^eratuV'^ 

i'wj Hize of r.ensi- ex- 
■ ' :Kd* ri) { tare reaorde 
'^a'jKifyirij halaKcje^ 

('1) Use of crvr^^^ct 
units of r'leasiircrneyit . 

(5) Use of si 'jnifioayit 
firjur^rs, 

(6) Tests performed 

f >r sow bug 's responses ( to 
}'ri[iht liqhty colors ^ sounds y 
imo^her soio hujy ata>)> 

0 

(^) I>ata jathered on 
'f.r.rr now bugs for oomjarison. 

(8) Care exercised in 
h'Vi'.r hig of ayiimal^ 
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Exercises for Home, Desk, and Lab (HDL) 

(1) A classmate Is trying to sell you a 
ring that he claims is pure gold. 
Outline a procedure that you might use 
to determine if it is really pure 
gold. 

(2) A student made mass and volume 
readings for six different sized 
pieces of metal and got the 
following data: 



Metal piece Mass (g) Volume (cm^) 

#1 38.48 2.0 

#2 86.66 4.5 

#3 52.49 5.0 

#4 36.78 3.5 

f}5 57.88 3.0 

#6 26.25 2.5 



a. How many significant figures 
should be used in plotting 
data? 

b. Plot this data on a graph. 

c. From your data, did the student 
have more than one metal? If so, 
how many? 

d. What was the density of the 
metal or metals? 



CD a. Weigh the ring in 
air. 

b. Put in graduated 
cylinder and find 
volume displacement 
of water. 

c. Find density of gold 
in handbook and 
compare densities. 

C2) a. Tii)o and to the near- 
est 0. 5 because 
volume Das measured 
to the nearest O.S 
cm^, so mass should 
be plotted to the 
nearest 1.0 gram to 
get two significant 
figures . 




0 2 4 
VOLUME 



c. yeSj two. 

d. Density is mass per 
unit of volume^ 
which from the graph 
would he the sieve 
of the line. 

D = gr. 
cm^ 

HI D = 87 - 28 = 49 = 20 ^v . 

1^2 = 52 - 26 = 2 (J = 

-2.5 1.5 cr- 
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(3) Mark loater level in 

beaker* i<-i thou t objcc t . 
Mai^k water-* level in 
!-^eak<'V after adding 
objcci-. Take ob.iect outy 
fill with water to the 
last marking y then mea- 
cure out ariount of water 
between the two lines 
on beaker into a graduaced 
cylinder. This volume of 
water would approximate 
the volume of the block. 

(l) Measure out ayi exact 
volume and weigh on a 
balance. Do this with 
thr^'e different volumes 
of water. Plot on graph y 
find slope y which is the 
density (see proolen 2). 
Results within experi- 
mental error should be 
I gr./cm'i 

(ijJa^Tie a heavy object to 

the substance. Measure 
water displa^^ement of 
sinker. Submerge brth 
substances under water. 
Measure water displace- 
ment. Difference beP')een 
water displacements is 
volume of object. 



CORK 




SINKER 




(3) How would you measure the volume 
of an object too large to f\' m: 
your graauate cylinder but la je 
enough to fit in an uncal ibrated 
250 ml. beaker? 

(4) How would you obtain the density 
of water? Try it. 

What results do you get? 



a. How would you obtain the 
density of a small irregular 
substance, i.e., cork, that 
would float on water? 

b. Try it with 3 or more different 
sized objects. 

c. What results did you get? 



Ff?r mass weigh on balixnce 

Use different size of 
objects that fl-^at. 

c. All should have rlrnnity 
U:ns than 1 a^'/t-'W. 
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(6) Plot the results of Problcnis #4 and §S 
on a graph. From the graph can you tell 
what density materials must have before 
they float in water? 



(6) Use results to plot nass 
vs. volume. Slope of 
line for objects that 
float will be less than 
the slope of the line 
fov water. 
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(7) A cube of cork measures 1.5 cm on a side 
and has a mass of 1.00 gr. 

a. What is its density? 

b. What would be tha mass of 4.0cm3 of 
cork? 



(7) a. 



D = 



mass 
volume 



^cuoe = e"^ 



D = 0.29gr/cm^ 

Mass - 0. 29^r x 4.0cm^ 

=1. 2gr, 



(8) When you iook at the top of water in a 
graduated cylinder it is not flat but 
curved. How do you decide how much 
water is in the cylinder? 



(8) Read the volume of the 
water by looking hori- 
zontally at the surface 
and reading the position 
of its lowest point. 
This should be developed 
in class discussion. 



(9) A piece of sulfur has a volume of SOcm^ 
and 6 mass of 160 gr. 

a. Calculate its density? 

b. Will it float in water? 

c. Will it float in mercury? 

(10) A block of magnesium whose volume is 
10 cm^ has a mass of 17 gr- What is 
the density of magnesium? 



(9) a. D = mass /vol 



ume 



D = 160gr/8Ccm'^ = 
3 



2gr/cn 

b. Kc. Density of 
water is Ljr/cm 



3 



c. Yes. Density of 

mercury is more thayi 
six times that of 
sulfur. 

(10) D = mass /volume 

= 2 7.:v/ 1 Cc^"^:'' = L :.rr/-^T:'^ 
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(12) Place on opposite pana 
of an equal'Orm balance. 
The carton containing 
the milk ix)uld have the 
greater nasc. 
Remember: Cream floais 
on milk. 



(11) A sample of alcohol amountinq to 
9.50 cm^ has a mass of n.41 qr. 
What is its density? 

(12) How could you distinguish between 
unlabeled pint cartons of milk and 
of cream without breaking the seals? 



(12) a.* Place the device n 
in several liquids of 
known dencity. Mark 
the depth on th: tert 
tube to Dhi^fh it r*uiki? 
in each kno'^yn I liquid. 
Measure' f mm th'' cKd 
of th^i tent tube t<> 
the mark a f^rr d^t'^h 
teat tube r>inkr>. 
Graph damn tu (knoUK ) 
Uj. depth. 

1.8- 



> L4 



to 

I 1.0 



0,6 




— r — r — r- 



4 8 12 

DEPTH 



hir t > ^//' '// 
f>r r,/-;; 



It* 
i i If 



fhr dut'i f>v f hr I • 
hljdV"^nr 1 1' r . I'hr I'-h- 
.'if ij ' / ^ h' ' !4n'r*i< 

■'.'/' f it ' PI . • . n I i ^ 
. rr ' >! f / . . 



(13) Weight the end of a test tube with 
lead shot so that the tube Is one- 
half to two-thirds submerqed In 
water. How cocld you use this de- 
vice (called a hydrometer) to 
mensurc the densities of unknown 
1 1 quids? 

f\. Plot a graph of known d(>ns1t1es 
of liquids with your hydrometer, 
Plot densi ty vs depth . 

t). rind th(? density of an unknown 
liquid, using the d^ta you nb- 
tdinod In part a. 
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(14) A student obtained the follciwing 
data while heating two different 
amounts of the same substances 
over an open flame. 



(14) a. 



Time 


Amount A 


Amount B 


Min 


Temp °C 


Temp °C 


0 






1/2 


50°C 


32°C 


1 


70°C 


48°C 


2 


82°C 


70°C 


3 


82° C 


78°C 


4 


90° C 


82°C 


5 


100°C 


82°C 


6 




82°C 



a. Plot the data on a graph 
Temp. ''C vs. Time. 

b. Which amount contalnp'i the 
least volurrie of substance? 

c. Plot a graph of temperature 
vs. time for the case In 
which you have equal amounts 
of the same substance but you 
are heating one with an open 
flame and the othpr with an 
asbestos pad over the flame. 



100 




TIME IN MIN. 



Anount A 'jontai>:r^ 
Icea volnr.c thivi 
Anount B, A^cunt 
A. rea^het^ the 
boiling point 
faster than Amount 
B. 

Graph should hujr 
the same general 
ohape aB in part 
a, heaaunn the 
nhape in dcpendrKi 
upon th' rate 
heatinq a nu:»nt a^a'r 



o 

ERIC 



(15) The following graph represents 
the heating curve of acetamide. 



o 



ft: 



A 



A 



B 



C 



TIME IN MIN. 



During which time interval is 
there : 

a, only solid? 

b, only liquid? 

c, both solid and liquid? 

(16) A student was determining the 
solubility of different sub- 
stances in water at room 
temperature, fie obtained the 
following data. 

a. Washing soda 

200 gr. in lOOOcnW of 
water 

b. Baking soda 

24gr in 350cm3 of '^r 

Express the solubility of each 
substance in gr/cm-^. 

(17) The solubility of chalk is 
10"^f)r/cin2 of watpr. flow much 
Writer is nccf^ssary to dissolve 
^iqr. uf" ch.ilk? 



(18) A student collected the following 
data when dissolving an unknown 
substance in water. 



(28) a. 



Temperature °C 
25°C 
50°C 
75°C 



Solubility 
mass/1 OOcm-^ 
5gr, 

lOgr. 

15gr. 



a. Plot the data obtained on a 
graph, solubility gr/cm^ vs. 
temperature °C. 

b. What would you expect its 
solubility to be at 40°C: 

c. What would you expect its 
soluDilitv to be at 90'' C? 

(19) It is found that 1.4 x 10-2gr. 
of a substance will dissolve 
in 15cm3 of methc*nol at 20°C. 
How much of this substance will 
dissolve in 30cm^ of methanol 
at the same temperature? 

(20) How do you explain the fact 
that if you spill a few drops 
of soup or milk on a pale-blue 
gas flame when cooking, the flame 
changes to a mixture of colors 
with yellow most cornnon? 



^20 

o 

<^ 10 



-J 
o 

CO 



' ' ■ ' 



0 50 100 

TEMP "C 



b. This is a proklen 
in interpolation; 
at 4(PC the mass 
per lOOam^ would 
be 8gr. 

o. This is a problem 
in extrapolation; 
at 90^C the mass 
per lOOam^ would 
be ISgr. 

(19) At a given temperature 
the quantity of the 
substance will dissolve 
is directly proportion^- 
al to the amount of 
solvent used* 

ZOcm^ X X lO'^^qr. 
IS cm^ 

=^ 2.8 X lO'^gr. 

(20) Sodium compounds arc 
almost universally 
present in foods; the 
yellow color of trie 
sodium flame is heirij 
observed. 



207 



166 



(21) a. Calcium 
b. Lithium 



(IIV.) a. Compm-^p (mounts that 
will dissolve in 
lOOcrn^ . 

Hubstayicc A 

lOOcm^ X '6.4 X IQ-^gr. 

!Jub:Uancfj H 

(ipp>''irr, to br rJ^i'jht" 
L\j Lrr.n roluhl*' than 
.:ubt* tancn A. 

b. '1.!^ X lO^'cm X 

/ OOnrr' 

(' ,\} bithiiAm bromidi^. 

Fo 1 1 Oh) i he a ' rr; a t i i 'yir. 
aivrn in studf/yit <juid'!. 



(21) Use the spectral lines you drew 
in Exp. D.G.a. "Analysis of 
Colors," and identify the 
fol lowing elements. 



-Violet Blue Green-- -V* (y 



-Red- 



\ 










i 






CALCIUM 


\ 



















Densi ty 
3.45gr/ml 



LITHIUM 

(22) Two substances are only slightly 
soluble in methanol. Only 3.4 

X 10'"^gr. of .ubs* ance A will 
dissolve in 94cr./ of methanol, 
and only 17 x 10"3gr of sub- 
stance B will dissolve in 500cm3, 
of methanol . 

a. Which substance is more 
soluble in methanol? 

b. How much of substance A could 
you dissolve in 4.5 x lO^cm^ 
of methanol ? 

(23) Use the punch cards and the 
following data to identify a 
specific compound. 
S.olubjJity. ^ M^._P^.^ C()lor 

150+/inl 547''C None 
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In the flame test a purple 
color is given. What compound 
IS it? 

A student has a white unknown 
substance. He found that the 
density was 2gr/cm^. 

a. Give the procedure you 
would use In identifying 
the compound. 

b. Do the procedure and 
identify the compound. 

You are a lab technician for a 

chemical company. You receive 

an order for three different 

chemicals with the following 

specifications: 

Chemical A: Density 2-3gr/ml 

Color - white 

M.P. - approx. 450°C 

Solubility - 90- 
100gr/cm3 

Chemical B: Density 4-5gr/ml 

Color - pink 

M.P. - greater than 
lOOO^C 

Solubility - l-2gr/ 
cm3 



(24) Give the student about 
lOgv of potassium di~ 

hydrogen phosphate. 

a. Use punch card to 
separate cards by 
color and density. 

b. l Students deter- 

mine solubility 
according to methods 
previously learned. 
Solubility is 
40gr/100ml. 
b.2 Use flame test to 
get characteristic 
purple of prtas- 
sium. 

b.3 Potassium dihydro- 
gen phosphate. 

(25) Chemical A: Ammonium 

bromide 
Chemical B: Cobalt 

flue ride 
Chemical C: Lead 

chromate 
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Choniical C: Density - 6-7(ir/inl 
Color - yd low 
fl.P. - 800-900°C 
Insoluble 
Using the punch cards, name a 
compound that would meet the 
specifications in each case. 
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Appendix A: Suggestions for Laboratory Procedures 

A laboratory is a place where scientists look at phenomena under controlled 
conditions. It is a place for serious work. Always prepare for an experiment by 
reading the directions in the manual before you come to the lab. Make a special 
effort to know all precautions. 

Do only the experiments approved by your teacher. If you wish to do an 
extension (this is encouraged), check with your teacher. This general ruie is for 
your safety and that of your fellow students. Laboratory safety is as much an 
attitude as a set of rules. The lab will become a safe place for investigation if 
the student continually uses common sense about his safety and the safety of others. 
If any accident does occur, report to yuur teacher. What seems a minor injury may 
have severe consequences. 

You will be asked to write laboratory reports. Opinions concerning the 
content of these reports vary greatly. It follows that teacher judgment will 
determine the type of laboratory reports you are asked to write. The following 
ways to improve laboratory reports are to be taken as suggestions only. 

(1) Mistakes should not be erased. If there is room for the correction, 
the mistake should be crossed out without obliterating it and the correction made. 
If ther is insufficient room, an extra piece of paper should be added. 

(2) Spelling and punctuation are important. Sentence fragments should be 

avoided. 

(3) The report should be carefully planned. It is best to know what type 
of observations should be sensed and, if possible, what regularities can be found. 
Planning will lead to the placement of items in a logical sequence in the report. 
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(4) The name of the experiment should be included. 

(5) The date on which the experiment was done should be included. 

(6) The names of all participants should be included and the name of the 
person who actually prepared the report should be designated. 

(7) Some reports should include a simple statement or schematic diagram 
of the apparatus used in the Investigation. 

(8) Some reports will require a brief explanation of purpose and procedure 
If these are given in the laboratory manual, they should not be Included in the 
report.* Copying items is "busy v/ork." 

(9) Nearly all experiments require taking measurements and subsequent 
collection of data. This must be carefully tabulated. If it is possible for you 
to make data tables before coming to the laboratory, you will have more time for 
observation, which is a major part of any laboratory experience. 

(10) If computations are required to interpret results, they should be 
included in the report. However, if several computations of a similar nature are 
needed, they should be illustrated with a typical example. Mathematical equations, 
not arithmetical operations, should be shown. 

(11) If the investigation could be altered to get better results, a 
statement to this effect should be included. 

(12) If the investigation suggests extensions, these should be described. 

(13) Reading professional reports from magazines such as The Journal of 
Chemical Education and Scientific American should result in better reports. 

(14) Many times the most significant information about the experiment is 
to be found by graphing results. Whenev(^r appropriate, graphs should be included 
in the report; they give a picture from which regularities can be sought. You 
will find the following suggestions very helpful. 

(a) Always use a full sheet of qraph paper. 
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(b) Position the ordinate and abscissa far enough from the edge of the 
paper to allow proper labeling. 

(c) Assuming a relationship exists, the abscissa should represent the 
independent variable; the ordinate, the dependent variable. As 
an example: The distance of the gas pedal from the floorboard 

in an automobile would be the independent variable, plotted on 
the X axis; while the speed of the car would be the dependent 
variable, plotted on the y axis. 

(d) Each axis must show units--e.g., cm, ml, sec. 

(e) Labeling of each axis should run parallel to the axis. 

(f) The scale of each axis b^lOuld be chosen such that the functional 
plot covers most of the graph paper. 

(g) The name of the graph, the name of the experiment, and the date of 
the experiment should be suitably placed on the graph. 

(h) When plotting data, draw a circle around each point to indicate 
the uncertainty associated with the measurements. 

(i) Draw the smoothest possible curve suggested by your data. 
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Appendix B: Supplementary Perception Experiments 

I. Negative Afterimage of Motion: 

Place the spiral disk on a record turntable and rotate it at 78 rpm. The 
observer fixates his gaze at the center of the card for about 30 seconds at which 
time: « 

1. The turntable is stopped while the subject continues 
to look at the disk, or 

2. The subject looks at a page of graph paper, or 

3. The subject looks at his partner's face. 

An interesting test to indicate whether the effect takes place at the 
retina of the eye or in the central nervous system can be conducted by having the 
subject look at the rotating disk with one eye and test for an afterimage with the 
other eye, 

(The effect is central . ) 
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II. Autokinetic Effect: 

A luminescent night light is masked so that a 3 mm. aperture remains open. 



This small spot of light is observed from several feet away in a com- 
pletely dark room. After a period of time the spot will appear to move. 

The effect is due to the movement of the eye, which, in this situation of 
no visual context around the spot, is interpreted on the basis of past learning 
as movement of the object in the periphery. 

A motor may be placed beside the night light so that its hum can be 
suggestive of an electrically powered device. 

In formal experiments it has been shown that prestige figures have more 
effect than peers in influencing the members of a croup to report movement of a 
given amount. Due to this group interaction effect, it is best to allow the 
viewers to communicate with each other as they are watching. 




:'^5k'V< ^ . FRONT VIEW 



ELECTRICAL PLUG 




TOP VIEW 
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III. Ridwell Effect: 

A good demonstration of negative color after.: ..jes can be provided with 
the following apparatus: 

slot Christmas tree lamp (blue, yellow, red, green) 




-6" cardboard disk with slot 



rotation of about 3 rev. /sec. Speed should be variable. 



The disk can be turned by a sewing machine motor controlled by a rheostat. 
An old mixmaster ($1.25) has been successfully used to rotate the disk. 



LAMP 




1% 

OBSERVER 



DISK 



J- 



.PEED CONTROL 



SIDE VIEW 
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